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Abstract 
 
The upstream (exploration and production) end of the petroleum industry has experienced 
tremendous success over the past fifteen years by employing innovative ways to drill and 
stimulate new wells thereby greatly increasing production. Based upon these successes, there has 
been a shift to unconventional wells, where the cost for drilling and completing wells can be 
much more expensive. Most unconventional wells target tight rock formations having low 
permeability and porosity. As a result, these reservoirs require enhanced stimulation to improve 
recovery operations to establish profitable oil or gas production. These wells are drilled 
horizontally to maximize contact area in the zone of interest and generally need to be 
hydraulically fractured to stimulate and enhance production.  
Additional research is needed to better understand the nature of tight reservoirs such as 
the Bakken, and to provide for better reservoir modeling, simulation, and enhanced hydrocarbon 
recovery. Wells producing from unconventional reservoirs may not allow for traditional methods 
of reservoir evaluation due to their unique reservoir properties. Most of these hydrocarbon 
reservoirs are under sampled and poorly understood. There are comparatively few logs and cores 
available from unconventional wells. As a result, it is difficult to find relevant lab experiments or 
data including relative permeability measurements. It is also difficult to obtain representative 
fluid samples; thus, adding to the difficulty of properly modeling tight resource-play reservoirs. 
Finally, there are many people building models of unconventional reservoirs, but because of their 
lack of specific information, their data inputs are uncertain.  Therefore, there is a need to 
investigate how these different parameters affect the results from the various models. 
Using the Bakken as the formation of investigation, a square mile section is used to 
analyze the impact of each property. A black oil model and solvent model were built to represent 
primary recovery and gas injection. Porosity, permeability, relative permeabilities and capillary 
pressure were the main properties investigated.  
A dual permeability model was compared to a single permeability model. An equation 
was found to relate the two models when the models had a well with no hydraulic fractures. 
Hydraulic fractures were then added to see if this equation could work but was unsuccessful. 
Results found that, along with porosity and permeability, relative permeabilities can 
influence a reservoir greatly. The production totals as well as shape of the production curve are 
affected by relative permeability. This can be used to help improve modeling in unconventional 
reservoirs and narrow down values for relative permeability.  
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1. Introduction 
The upstream (exploration and production) end of the petroleum industry has experienced 
tremendous success since 2008 by employing innovative ways to drill and stimulate new wells 
thereby greatly increasing production. Based upon these successes, there has been a shift to 
unconventional wells where the cost for drilling and completing wells can be much more 
expensive, but the risk for a dry hole is much less. These unconventional wells differ from 
conventional wells in that they require more than simply drilling down to a reservoir to get these 
wells producing. Most unconventional wells target tight rock formations having low permeability 
and porosity. As a result, these reservoirs require enhanced stimulation to improve recovery 
operations to establish profitable oil or gas production. These wells are drilled horizontally to 
maximize contact area in the zone of interest and generally need to be hydraulically fractured to 
stimulate and enhance production.  
1.1. Principal Unconventional Plays 
In the United States there are many plays which would not be economic without the use 
of unconventional methods. Of these, four of the most prolific are the Bakken/Three Forks of 
North Dakota and Montana; Eagle Ford of south-central Texas; Marcellus/Utica of Pennsylvania, 
New York, West Virginia and Ohio; and tight formations in the Permian basin of west Texas and 
southeast New Mexico. The Marcellus/Utica and Eagle Ford exploit tight shale. The Permian 
Basin has both conventional and unconventional targets, with unconventional wells being drilled 
in tight shales like the Wolfcamp/Spraberry while conventional plays remain in limestones, 
dolomites and sandstones. The Bakken/Three Forks objective is a tight calcareous sandstone and 
dolomite occurring within a major shale sequence.  It is overlain and underlain by various 
2 
conventional, mostly carbonate reservoirs. Figure 1 shows all of the unconventional plays in the 
contiguous US (PacWest Consulting Partners, 2013). 
 
 
Figure 1: Map of depositional basins and unconventional shale plays in the US (from PacWest Consulting 
Partners, 2013). 
 
1.2. Background 
The area of focus in this study is the mature Bakken which is located in the center of the 
Williston Basin. The mature Bakken occurs in the deeper part of the basin where the black 
organic-rich shales are geochemically mature for oil generation allowing expulsion of oil into 
surrounding rocks (Olesen, 2010).  The objectives of this study are to better understand the rock 
and fluid properties within this tight petroleum reservoir sequence which impact production and 
recovery and to effectively model these rocks and fluids. This will allow enhanced exploitation 
of these reservoirs thereby resulting in potentially increased recovery of hydrocarbons.  
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Additional research is needed to better understand the nature of tight reservoirs such as 
the Bakken, and to provide for better reservoir modeling, simulation, and enhanced hydrocarbon 
recovery. Wells producing from unconventional reservoirs may not allow for traditional methods 
of reservoir evaluation due to their unique reservoir properties. Most of these hydrocarbon 
reservoirs are under sampled and poorly understood. There are comparatively few logs and cores 
available from unconventional wells. As a result, there is not a lot of porosity and permeability 
data around. It is also difficult to find relevant lab experiments or data including relative 
permeability and capillary pressure measurements. With permeability so low and multi-fluid 
flow in these reservoirs, it is hard to get a representative sample at the surface to test.  This adds 
to the difficulty of properly modeling tight resource-play reservoirs. Finally, there are many 
people building models of unconventional reservoirs, but because of their lack of specific 
information, their data inputs are uncertain.  Therefore, there is a need to investigate how these 
different parameters impact the results from the various models. 
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2. Literature Review 
2.1. Discovery of Unconventional Shales 
Unconventional shale plays have become increasingly important to overall U.S petroleum 
production beginning in the early 1990s. Initial research began in the late 1970s when the US 
government began to invest in research and development projects for unconventional resource 
exploitation, especially gas, as the production from conventional gas fields was declining. In the 
1980s there was further incentive provided by the government for shale drilling with the section 
29 tax credit for unconventional gas which ran through the 2000s (Reed, 2014). Mitchell Energy 
had been in the Barnett play, located in north central Texas, since 1981 when they drilled their 
first well. However, it was not until 1991 that the first horizontal well was drilled in the Barnett. 
It was 7 more years before they drilled 2 more horizontal wells. They were drilled successfully, 
but they did not meet minimum economic criteria.  
In 2002 Devon Energy purchased Mitchell Energy and shortly thereafter drilled 5 
horizontal wells. These wells had an average initial production 3.3 times more than the average 
initial production of the vertical wells drilled my Mitchell Energy.  This caused Devon, in 2003, 
to apply for drilling permits for over 80 horizontal wells in a 5 county area. It also lead to 100 
permits by 25 other operators in a seven county area (Wang and Krupnik, 2013). In 1996, the US 
shale gas wells produced only 1.6% of US production (0.3 Tcf). Production more than tripled in 
only a decade to 5.9% of US production (1.1 Tcf). By 2005 there were 14,990 shale gas wells 
and in 2007 alone there were a record 4,185 shale gas wells completed in the US. In 2009 shale 
gas production rose to 3.11 Tcf having seen a steady increase in production. By 2035, total US 
gas production is projected to increase to 49%.  
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During the time of the shale gas boom, operators in the Williston Basin began drilling 
horizontal wells to see if the same techniques used in the Barnett could be used in oil formations. 
Subsequently, the success in the Eagle Ford and Bakken have shown that these techniques work 
in these oil-prone basins (Reed, 2014). 
There were a few factors that helped make the Bakken and adjacent formations 
(Devonian Three Forks and basal Mississippian Lodgepole) boom as an unconventional play. 
These included the evolution of hydraulic fracturing, drilling improvements, oil and gas prices, 
and the unique geology of this field. 
According to Manfreda (2015), the history of hydraulic fracturing goes back to 1865 
when Edwards Roberts patented his “Exploding Torpedo”. This torpedo was filled with 15-20 
pounds of powder, lowered down close to the zone of production, detonated and then filled with 
water. This method was shown to increase production by 1,200%. However, this way of 
fracturing the well made it more prone to closing in the well due to collapse. In the 1930s, 
drillers started using a non-explosive liquid instead just blasting the formations. This liquid was 
acid and pressure parting began to be recognized in the acidizing operations to create fractures 
due to acid etching (Montgomery & Smith, 2010). This left open flow channels to the wellbore 
thus increasing productivity.  
The birth of modern day hydraulic fracturing (fracing) began in the 1940s with a failed 
experiment in Grant County, Kansas. Halliburton initiated this project by injecting 1,000 gallons 
of gelled gasoline and sand into a gas producing formation, followed with a gel breaker. While 
the experiment was a failure, research continued, and in 1949, they conducted two experiments 
which were successful. This experimental success caused hydraulic fracturing to become more 
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commercial over the years until the 1990s when the true modern day hydraulic fracturing came 
to fruition.  
In the early development of the Barnett, Mitchell Energy used foam to fracture because it 
was thought that the various Devonian shales in the eastern US (e.g. Antrim and Marcellus 
shales) were an analog for the Barnett. After a couple years and some experimentation, Mitchell 
Energy began to use nitrogen-assist, gelled water fractures (fracs). A year or two later Mitchell 
Energy began to use a gelled water design (massive hydraulic frac) for all Barnett stimulations. 
Mitchell Energy did some minor changes for the gelled frac method from 1987 to 1993. In 1994, 
they began to look for a more economically cost friendly frac design with the same effects. They 
used a cheaper lower quality sand, eliminated nitrogen and the pre-frac acid treatment, and 
slightly reduced the gel content of the frac fluid. A major breakthrough occurred for them 
following a misrun frac job where they inadvertently stumbled upon a combination that would 
change hydraulic fracturing for the industry. In this particular frac job, the fluid did not mix the 
chemicals and gel properly. They had used more of a liquid than their typical thicker gel like 
substance. The results surprised them all and Mitchell Energy began to look into using this water 
mix in other wells (Zuckerman, 2013). This new frac approach, called slick water frac, was used 
and developed in East Texas by the Union Pacific Railroad Corporation in a low permeability 
Cotton Valley sandstone. At this time, most engineers thought this method would not be 
effective because the greatest amount of proppant, that was economically possible, was needed 
in order to maximize fluid conductivity. To be able to carry all of the proppant, gel was needed. 
However, slick water frac reduced the cost of stimulation by about 50% yet maintained similar 
initial rates of production and higher cumulative production even with less proppant (Steward, 
2008). 
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 For a good frac design, slick water frac is only one consideration. Frac efficiency 
requires the optimization the frac size, pressure, orientation, placement, and other attributes to 
keep the frac in the target reservoir, create maximum contact with the reservoir, and have 
maximum flow of hydrocarbons while minimizing the amount of water produced (Wang and 
Krupnik, 2013).  
High gas prices also helped spur the development of incorporating enhanced drilling and 
completion techniques in the Barnett Shale. Figure 2 shows the average price of natural gas from 
1976 to 2012. This rise in gas prices along with the great success with the drilling and fracturing 
technologies showed a significant increase in profit margins for the drilling of shale gas wells. 
The resulting economics attracted many new firms and entrants into the shale gas basins. They 
invested heavily into the shale plays which resulted in rapid development of, and increased 
production from unconventional shale gas in the 2000s (Wang and Krupnik, 2013). 
 
 
Figure 2: Monthly average natural gas price history from 1976 to 2012 (Energy Information 
Administration (2013). 
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Because shales have various and complicated mineralogies, textures, and other 
properties, the economic exploitation of shale gas developed later than that of coalbed methane 
(e.g. Powder River Basin and San Juan Basin) and tight gas formations (e.g. Cotton Valley 
Taylor and Frontier formations). Exploitation of shale formations finally came to prominence in 
gas plays due to their large potential recoverable reserves, which ultimately propelled them to be 
the most important source of unconventional gas. The geology of shale plays differs from field to 
field which in turn affects profitability. The Barnett has two shale members separated by 
limestone that thins out to the southeast. A layer of shaley carbonate lays on top the Barnett with 
a limestone below. The Eagle Ford is a calcareous shale with the Austin Chalk Formation above 
and the Buda Limestone below (Geology.com, 2013). In contrast, the Bakken has a sandy 
dolomite and limestone middle member sandwiched between overlying and underlying shale 
units. The Bakken is overlain by the Mississippian Lodgepole Limestone and underlain by the 
Devonian Three Forks Formation - a dolomitic sand. The Bakken will be discussed more in the 
next section. 
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2.2. Background of the Bakken 
The Bakken Formation is located across portions of North Dakota, Montana, Manitoba 
and Saskatchewan.  Figure 3 shows the extent of the Williston basin including its principal 
structural features (North Dakota Geological Survey, 1999).  
 
 
Figure 3: Map of the Williston Basin including structural features.  
 
The Bakken (Figure 4) was deposited in the Late Devonian to Early Mississippian. It is 
overlain by the Mississippian Madison Group – composed of mostly carbonate deposits of the 
Lodgepole and Mission Canyon Formations, and the carbonate/evaporate beds of the Charles 
Formation. These formations are all locally oil bearing. The Bakken is underlain by the 
Devonian Three Forks Formation, which is composed of shaley, silty, dolomitic sand 
interbedded with shale (Nicolas, 2006). The Three Forks is itself a targeted unconventional 
reservoir with at least a portion of its reserves sourced from the Bakken.  
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Figure 4: Stratigraphy of the Bakken (pgc.lyellcollection.org/content/7/1065/F2.expansion.html).  
 
The Bakken has three members: an upper shale, a middle very fine-grained sand, 
dolomite and limestone, and a lower shale (Nordquist, 1953). This middle member is the 
principal oil reservoir with the over- and underlying shale members providing the source rock 
(LaFever, 1991).  The Bakken shales were deposited in a marine environment. The upper and 
lower Bakken were deposited in relatively deep-water low-energy marine environments as 
mudstones (shale). The shale is formed primarily of clay. The clays were sourced primarily from 
weathering of igneous rocks of the Canadian Shield to the northeast. They were transported by 
streams and deposited well offshore below active wave base (fair-weather or storms) (Hlava, et 
al., 2012).  
The Bakken shales are organic rich due to their depositional environment. They were 
deposited in a deep anoxic marine environment where organic material became incorporated into 
the underlying sediments and were subsequently buried (Wrolson and Bend, 2014). The oil rich 
nature of the Bakken is due to both its organic composition and its episodic but almost 
continuous subsidence (burial) so that the organic material in the formation reached temperatures 
and pressures high enough to generate hydrocarbons and expel them.  Organic geochemistry 
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studies indicate that the average total organic carbon is 11% (higher where immature) and that 
the Bakken matures and generates hydrocarbons at 435°C and pressures of 7000 psi (Nordeng, 
2010).  
Naturally produced fractures have a huge impact for enhancing permeability and 
production in the Bakken (Olsen, 2010). These fractures can be formed tectonically (regionally 
or locally) or petrogenically through hydrocarbon expulsion. Regional fractures in the Bakken 
form an orthogonal set with the dominant set trending NE-SW and the lesser set trending NW-
SE. To efficiently exploit the fractures in a horizontal well, lateral legs should be drilled at an 
orientation perpendicular to the principal NE-SW fractures; however, they are not always drilled 
this direction. Wells are typically drilled perpendicular to section lines to allow operators to more 
effectively exploit their properties. Local structures can form hinge parallel and hinge oblique 
fractures. Structures in the basin which affect the Bakken are typically formed either by 
underlying salt dissolution (Devonian Prairie Evaporate) or basement tectonics. Either may 
dominate the local fracture signature. In addition, and very importantly, horizontal micro-
fractures are formed by expulsion of the oil from the Bakken Shale. These fractures are 
connected and opened by hydro-fractures which increase the permeability allowing more 
hydrocarbon flow into the wells (Sarg, 2012).  Four fields -Antelope Field, Bicentennial-Elkhorn 
fields, Elm Coulee Field, and North Dakota (Nesson) anticline, described in a study by Olesen 
(2010), showed that in each area fracture enhancement occurred tectonically, petrogenically or 
from a combination of both origins.  
The Bakken Formation is known for having extremely low permeability around 0.001-0.1 
millidarcies and porosity around 1%-8%. A study by UND EERC (n.d.) is shown in Figure 5. 
These are the ranges of investigation in this study which are consistent to the Bakken. Other 
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research shows the average of the permeability and porosity around 0.006 md and 3% (Todd, et 
al. 2015) and 0.009 md and 6% (Alexandre, et al. 2011). 
 
 
Figure 5: Permeability and porosity of the Elm Coulee (UND EERC, n.d.). 
 
Currently, the ability to measure relative permeabilities as in done in conventional 
reservoirs does not exsist. However, the impacts of relative permeabilities are still important. 
There have been other relative permeability studies by Shoaib (2009), Yu et al. (2014) and 
Nojabaei (2015), but their effects on simulation results are not well understood. Therefore, this is 
one of the main focuses in this study. 
2.3. Production History of the Bakken 
Since the beginning of oil production in the Williston Basin (Figure 6) in 1953, drilling 
through the Bakken was often associated with good oil shows (Brigham Exploration Company, 
2008). Many wells were tested, however few wells were successfully completed in the Bakken 
with the exception of three fields (Antelope, Elkhorn Ranch and Buckhorn) along the Nesson 
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anticline (LaFever 1991).   Nevertheless, the Bakken was recognized as a rich oil-prone source 
rock.  Historically the Bakken was characterized as having a low primary recovery factor which 
made it uneconomic to develop in vertical wells. The breakthrough to develop the Bakken 
economically resulted from the combined application of horizontal drilling coupled with multi-
stage hydraulic fracturing. This was especially pioneered in Richland County, Montana by 
Richard Findley (Smith, 2010).  These techniques have gained popularity since 2008. The first 
horizontal well drilled in the Bakken was completed in September 1987 by Meridian Oil, Inc. 
Once completed, this well (#33-11MOI) begin producing 258 BOPD and 299 MCF of gas 
(LeFever, 2005).  
 
 
 
Figure 6: Bakken drilling activity history (Brigham Exploration Company, 2008). 
 
Following the introduction of hydraulic fracturing in the early 2000s, the Bakken has 
gained prominence as a major hydrocarbon bearing resource play. Since then, North Dakota 
production had gone from 98,000 barrels a day in 2005 to over a million barrels a day in 2014 
(North Dakota Industrial Commission, 2016). The total number of wells producing in North 
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Dakota has gone from 3,283 to 12,124 over this same time period. Figure 7 shows the current 
producing wells in North Dakota (North Dakota Energy, 2016). 
 
 
 
Figure 7: Current producing wells in North Dakota (North Dakota Energy, 2016). 
 
Drilling and completion of wells in the Bakken is price sensitive. With the exception of 
oil price drops, production in the field has steadily increased since the introduction of enhanced 
drilling and completion techniques. Most of the data described is from the North Dakota side of 
the Basin. This is due to the fact that North Dakota has more data readily available from the 
North Dakota Industrial Commission. The number of producing wells in the Bakken increased to 
3,600 wells in 1985 and remained at around 3,400 through 2005 when technology caught up, and 
horizontal drilling and hydraulic fracturing were planned for each new well. The number of 
producing wells rose rapidly starting at 3,391 in 2005 to 6,548 in 2011; in 2013 the number of 
producing wells reached over 10,000, and in 2014, it rose to 12,501. Cumulatively, 1 billion 
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barrels of oil were produced through 2014, of which two thirds have been produced in the last 3 
years.  (North Dakota Industrial Commission, 2015). Figure 8 shows the monthly oil production 
since January 1951. 
 
 
Figure 8: Monthly oil production from North Dakota (1951-2016). 
 
2.4. Numeric Models and the Problems 
There are many differences with numerical modeling when comparing unconventional reservoirs 
to conventional reservoirs. These differences include individual structural and/or stratigraphic 
traps versus a large scale continuous deposits, hydrocarbon's source, water influence, porosity, 
permeability, pressure, volume, temperature (PVT) data, extraction effort/method, production 
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history, development life-cycle, number of wells required, base reserves, and boundary 
dominated flow.  
Conventional reservoirs are typically localized in structural and/or stratigraphic traps 
where hydrocarbons are sourced elsewhere and migrate into and accumulate in these traps. There 
can be a water influx in the reservoir. Porosity plays a critical role as to how and where the oil is 
stored. Permeability is usually greater than 0.1 md. The PVT data is usually known or easy to 
find. The extraction effort is comparatively minimal. There is a long production history for 
conventional reservoirs. Conventional reservoirs often have a long development life-cycle and 
typically require fewer wells to be commercial. Reserves are based on volumetric 
determinations. Lastly, conventional reservoirs have boundary-dominated flow. 
Unconventional reservoirs are a more laterally continuous-type deposits with the 
hydrocarbons usually internally sourced within the prospective formation. Due to these 
reservoirs being "tight”, there is minimal water influence. Permeabilities are small, thus they are 
referred to as ultra-low permeability reservoirs which means they are much less than 0.1 md. 
They have complex PVT data and are difficult to find out due to multi fluid flow in these low 
permeability reservoirs. The extraction effort is significant. Before a well begins production, it 
must be drilled horizontally and then hydraulically fractured. Because exploitation of 
unconventional reservoirs is a relatively recent phenomenon, there is limited production history. 
Wells have an early development life-cycle and these reservoirs require many wells to be 
commercial. Reserve calculations are based on analog wells rather than volumetric 
determination. Finally, these reservoirs are considered to have no boundary-dominated flow as it 
occurs late (tens of years) in the life of a well (Blasingame, 2015). 
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 There are a handful of existing models that try to understand all of these differences for 
unconventional reservoirs. The general models looked at for this research were from Blasingame 
at Texas A&M University (2012), Pande at Anadarko Petroleum Corp (2014), and Geren at 
Colorado School of Mines (2014). In addition, there are a number of enhanced oil recovery 
(EOR) models for unconventional reservoirs. This research considered all of these models. The 
EOR models evaluated were Yu at The University of Texas at Austin (2014), Wan at Texas Tech 
University (2014), and Kurtoglu at Colorado School of Mines (2013).  These models do not fully 
encompass all of the information needed to correctly model unconventional reservoirs. Here are 
a few problems that these models ran into:  
1. Modeling a whole field is difficult because of the expansive size of the reservoir. These 
fields are on the size of multiple townships. With the scale of these unconventional shale 
fields, it is hard to understand the variation in the properties across the entire field. These 
models and most other models end up utilizing only a few wells in a small area to more 
accurately represent a section of the field. 
2. Models require data which may not be available. There are considerably less data 
collected in unconventional reservoirs. There are few cores, no drill stem tests, and 
almost no horizontal wells have porosity and resistivity logs. In addition, mud log quality 
is often very poor. As a result, there is usually limited data from each well. 
3. Because of the significant differences in the geology of each basin, each unconventional 
play requires utilizing completely different models. For instance, the geology of the 
Bakken is completely different than the geology of the Barnett and Eagle Ford. In 
addition to the differences in the geology, there are also significant differences in their 
fluid properties. As a result, there are no "base" models which can be utilized. 
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4. With hydraulic fracturing it helps to know and understand the nature and orientation of 
the natural shear-mode fractures in the reservoir. These natural fractures, when connected 
with the hydraulic fractures, can help increase production. These natural fractures may be 
poorly known, but are critically important relative to the placement/settling of the 
proppant in the fractures.  
Given these unknowns, there are various models being proposed to describe these 
unconventional reservoirs.  
2.4.1. General Models 
Texas A&M’s model focused on attempting to better understand the Eagle Ford Shale. 
Their work addresses the challenges encountered during modeling and production analysis. 
Through their modeling they found that diagnostic analysis needed to be performed to identify 
flow regimes and access the consistency of the data before model analysis. They were not able to 
consider longer fracture half-length values because they did not observe long term linear-flow 
from their diagnostic interpretation.  They used non-linear numerical simulation (multi-phase 
flow and pressure dependent permeability/fracture conductivity) for the model-based analysis as 
they thought that using single phase solutions might result in errors and/or misinterpretations. 
They also made data matching (pressure and production) a priority as it can help confirm the 
consistency of a model with the PVT data. They understood that an appropriate PVT model was 
crucial for modeling, analysis and forecasting practices. They concluded that if the fluid behavior 
was not properly characterized in the model, it would show major differences in the production 
forecast. They were not able to calibrate for the pressure dependency of the formation/fracture 
properties since there was no data available. They initially ran their model without this pressure 
dependency model parameter and then incorporated it once all other parameters were 
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established. In their approach an additional non-linear “pressure drop” function over time was 
created. Finally, by running sensitivities to various drainage area and pressure drawdown cases, 
they investigated the long term production behavior. To find out the effects of well spacing on 
recovery they also ran multi-well numerical simulation runs (DeGolyer et al., 2012). 
Pande (2014) describes how new processes and advances in field demonstrations and 
mechanistic models will become the front runners in understanding and developing shale plays. 
While he did not publish a model, he described some of the key factors in these models. The key 
points in his mechanistic studies are: 1) estimating expected well productivity and potential 
resource base; 2) understanding reservoir production mechanisms; 3) evaluation completions and 
investigating optimum stimulation techniques; 4) evaluating multiple shale targets and associated 
performance; and 5) investigating well spacing for optimum development. 
Geren (2014) discuses modeling flow in nanoporous reservoirs. With the pore size in 
these tight reservoirs being so small, she proposes that Darcy flow no longer dominates the flow 
mechanism. Instead, a combination of diffusive flows determines the flow characteristics. She 
describes in depth the membrane properties of nanoporous reservoirs and how to incorporate 
filtration effects into models of transport. 
2.4.2. EOR models 
 There are also models to predict EOR behavior in unconventional reservoirs. 
Unfortunately, these have the same problems as the general models (i.e. large fields, missing 
data, etc.). These have additional complexity due to the injection process. One EOR method 
gaining popularity is the CO2 Huff-n-puff (Wan et al., 2014). This method does not use water, 
but instead uses CO2. This is due to the fact that unconventional shales have such small pores 
and micro fractures such that water has difficulty permeating through these tight formations. 
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Also, when using CO2, it is known that oils swell and the viscosity decreases allowing better 
flow of oil through the formation. The EOR process begins once primary production has 
declined enough to deem that EOR is required. At this point, CO2 is injected into the reservoir 
for a set time. The well is then shut in for another period of time and then returned to production. 
This process is then repeated for the life of the well.  
 A second CO2 huff-n-puff simulation study was done at the University of Texas, Austin 
(Yu et al., 2014). This model was perfromed in a tight horizontal well with multi-stage fractures. 
The model consists of three stages: CO2 injection, CO2 soaking, and production. The background 
for this model is based on the fact that these wells typically have an exponential decline. A given 
horizontal well produces for five years and then is converted to a CO2 injector with an injection 
rate of 100 MSCF/day. This injection is done for six months and then is shut in for three months. 
To finish off the CO2 huff-n-puff cycle, the well is put back into production for a year. The 
theory of this study is that the cycle should be repeated for a production period of 30 years. 
However, their model utilized only two cycles.  
 Their huff-n-puff simulation had four cases, all with a different number of fractures (1 to 
4 fractures) within a single stage. Each case was compared to a run that had no CO2 injection. 
The oil recovery factor for each CO2 injection case was higher than the case without CO2 
injection. This was due to the fact that CO2 acts as a miscible process. This caused CO2 swelling 
and oil viscosity reduction which increased oil recovery.  
Both Wan et al. (2014) and Yu et al. (2014) describe several of the uncertain parameters in 
these unconventional reservoirs. A few of the parameters they include are reservoir permeability, 
fracture half-length, number of fractures needed, and fracture conductivity. Both papers included 
sensitivity studies to determine the impacts of some of these parameters on the CO2 huff-n-puff 
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process. The relative permeability curves, the water-oil and liquid-gas relative permeabilities, 
were obtained using history matching with a fractured well from the middle Bakken. From their 
work, 5 conclusions were reached:  
1. The case with two effective hydraulic fractures within one perforation stage 
performed best, having the highest incremental oil recovery factor.  
2. They found, that in order to capture the real physics during CO2 injection into these 
unconventional reservoirs, molecular diffusivity of CO2 is an important parameter to 
understand.   
3. CO2 injection rate, CO2 injection time, the number of cycles, CO2 diffusivity are the 
most important parameters in the CO2 huff-n-puff process. 
4. From the range investigated in the study, fracture conductivity, CO2 soaking time, 
permeability, and fracture half-length are less sensitive. 
5. The range of incremental oil recovery factor found was 2.5%-9.4% at 30 years (Yu, 
et al, 2014). 
Another EOR investigation was by Kurtoglu et al. (2013) at Colorado School of Mines. 
Their purpose was to integrate reservoir characterization and modeling in support of EOR. They 
reached 5 important conclusions that may help with future studies for EOR in the Bakken: 1) 
They suggest that the difference between core-measured permeability and field measured 
permeability was due to a micro fracture network present along with matrix porosity. 2) Dual-
porosity modeling needs to be incorporated into both primary and EOR simulations due to the 
flow hierarchy. This order of flow is from matrix to microfracture and microfracture network, 
then to multi-stage hydraulic fractures, and then to the wellbore. 3) They stated that geologic 
reservoir characterization is the most crucial early information needed to develop a 
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representative flow model. 4) They conducted specific laboratory test to determine the potential 
of EOR using salinity brines and CO2. They suggest that CO2 injectants only recover oil from a 
thin layer of the matrix by counter-current flow. 5) CO2 injection increases oil production more 
than what is done by waterflooding. 
2.4.3. Dual Permeability Model 
Unconventional reservoirs are usually accompanied by natural fractures. There are two 
different ways to look at naturally fractured reservoirs. These are depicted in Figure 9. The 
image on the left is an actual fractured reservoir as compared to the image on the right which 
represents a dual porosity model. It is difficult to accurately model the properties of actual 
reservoirs due to their complex nature. In some models, the fractures and matrix are given 
separate permeabilities and porosities. Others try to represent natural fractures but they suffer 
from their own problems. For instance, these models may attempt to model a large number of 
natural fractures; however, to do so, requires more processing power that a computer might have. 
This necessitates lessening the size of the model so that it will run. As a result, these models may 
not represent actual fracture behavior. Reservoirs typically have fractures of different sizes, 
orientation, and spacing.  
 
 
 
Figure 9: (a) Natural fractures (b) Modeled fractures (Warren and Root, 1963). 
23 
 
The dual porosity models can have the same permeability and porosity as an actual 
fractured reservoir, but are simplified so that they can be modeled with a computer. Several 
assumptions are made when modeling dual porosity systems. These assumptions are:   
1. Fractures are equally spaced.  
2. Fractures lay in the 3 principle planes. There are no diagonal fractures.  
3. Fractures intersect entire grid blocks. These fractures do not pinch out. 
4. All fractures oriented in the same direction are given the same properties. Fractures 
in other orientations can differ. 
 When creating a dual permeability model, a reservoir is given two porosities and two 
permeabilities, the rock matrix and fractures. The rock matrix, which provides the bulk of the 
reservoir volume, has relatively low permeabilities. In contrast, fractures which have a very 
small volume have relatively high permeabilities. Each of these two properties aid the reservoir 
in their own way. The matrix, with the bulk of the reservoir, contains most of the fluids (storage) 
while the fractures allow for the movement of these fluids.  
It is assumed there is a flow hierarchy in naturally fractured reservoirs. It is thought that the 
oil flows from the matrix to the fractures and then to the wellbore. From here, this is where dual 
porosity and dual permeability models differ. Dual porosity there is no communication between 
matrix cells while with dual permeability there is communication between these cells.  
The natural fractures are placed in a geometric pattern. This allows for ease of modeling. To 
be able to do this, fracture blocks and matrix blocks are co-located to represent the matrix and 
fractures volumes. These two "blocks" are then connected by a transmissibility term. This term 
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determines how much flow occurs between the matrix grid and the corresponding cell in the 
fracture grid. It is described in the form: 
 
 
(1) 
  
 
Where τf is the transmissibility, 0.001127 is Darcy's constant in field units, k is the X-
direction permeability of the matrix blocks, Vb is the matrix cell bulk volume, and σ is a factor of 
dimensionality to account for the distance between the fractures in the matrix volume.  
The form of σ is described as: 
 
 
(2) 
  
 
Where lx, ly, and lz are the dimensions of the blocks making up the matrix volume. These 
dimensions are not the grid dimensions. There are many of these matrix blocks in each grid 
block. Another way to think about lx is the distance between the "fractures" shown in Figure 
8(b). This σ can also be used as a history matching parameter as it acts as a multiplier on the 
matrix-fracture coupling (Schlumberger, 2015).  
The reservoir modeling utilized in this paper compared single and dual 
porosity/permeability models. This was done to determine how the two models compare. 
Because matrix permeability and the fracture volumes are so small, a second option is to model 
matrix porosity along with a fracture improved permeability.  
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With the models out today, there is a need to provide a solid base for properties in 
unconventional models. The goal of this research is to provide better reservoir modeling, and 
better simulation for enhanced hydrocarbon recovery. Therefore, the need to investigate each of 
these different parameters are crucial. 
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3. Methods  
3.1. The Model 
The base model was built in Eclipse. Subsequent runs compared different rock and fluid 
properties to determine its sensitivity to each parameter. The changes in these properties, if 
known, were constrained by the limits observed in the reservoir, in this case the Bakken. If they 
were not known, for instance relative permeabilities, an educated guess was used. The final 
sensitivities of each parameter are shown in a tornado chart at the end of Chapter 4. 
Two models were built, utilizing the base model and procedure described by Tao Xu 
(2013). They involved incorporating information from three adjacent horizontal wells which 
were hydraulically fractured. These wells are generic and used geologic property data from the 
Bakken. The first model was a primary production model, and had all three wells producing. The 
second model was an EOR model with the middle well injecting fluids. Each individual property 
in a given run was changed to determine how that property effected the results. The properties 
considered for both models were: 
1. Porosity  
2. Permeability  
3. Relative permeabilities 
4. Capillary pressure 
Additionally, the primary recovery model looked at the differences in homogenous and 
heterogeneous porosity as well as a natural fractures in a reservoir.  
The results focused on the oil and gas production rates and cumulative volumes. This was 
completed to see how oil and gas rates and injection were affected by each property. 
27 
The grid dimensions are 53x53x8 with each grid being 100 feet long, 100 feet wide, and 
3 feet thick. This makes the model area one square mile 24 feet thick. The depth at the top of the 
reservoir is 7,500 feet. All 8 layers of the model are the middle dolomite member.  The porosity 
of the model is equal throughout at 7.5%. The permeability of the model is 0.04 md in the x and 
y direction and 0.004 md in the z direction. These values for the base case model were taken 
from Xu (2013). This model differed from Xu by the location of the hydraulic fractures. Xu’s 
model lined up the fractures of all wells. Our model had a zipper fractures orientation. This 
means that the fractures of the injector well alternated with the fractures against the producing 
wells like a zipper. Figure 10 shows the comparison of Xu’s model (left) and the study model 
(right). 
 
 
Figure 10: Comparison of Tao Xu's (left) model to the Study Model (right). 
 
The modeling of hydraulic fractures was completed using local grid refinement (LGR). 
LGR replaces a set of cells in the original grid by a finer grid which helps set the permeability of 
just the hydraulic fractures instead of the whole gridblock. 
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The rock properties have a reference pressure of 6,614.7 psia with a rock compressibility 
of 4.3x10-5 1/psi. In the solvent model, the minimum miscibility pressure is 3,100 psia and the 
Todd-Longstaff mixing parameter (Schlumberger, 2015) is 0.5 for the viscosity and density 
calculations. The irreducible water saturation is 0.25 with the residual oil saturation being 0.25. 
There is no capillary pressure in the base case model. The gas-oil and oil-water relative 
permeability curves (SGOF and SWOF) can be seen in Figure 11 and 12.  
 
 
 
 
Figure 11: Gas-Oil relative permeability for the base model. 
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Figure 12: Oil-Water relative permeability for the base model. 
 
 
The water PVT functions have a water formation volume factor of 1 rb/stb (reservoir 
barrels/stock tank barrels), a water compressibility of 3.25238x10-6 1/psi, and a water viscosity of 
0.3003 cp at a reference pressure of 14.7 psia. The miscible gas density at surface conditions is 
0.123628 lb/ft3. The fluid gravities at surface conditions are 42° API for oil, 1.05 for water, and 
0.95 for gas. The PVT properties for the oil solvent and gas are shown in the appendix. 
The initial pressure at 7,300ft is 4,000 psia. The model had no initial gas or free water in 
the reservoir. Figure 13 shows the pressure profiles at the first and last timesteps. The model had 
the water-oil contact 26 feet below the bottom of the model and the gas-oil contact 2000 feet 
above the model. There is a constant solution gas-oil ratio in the reservoir equal to 0.7707 
Mscf/stb. Figures 14, 15, and 16 show the saturations of gas, oil, and water at the beginning 
compared to the end of the models run. 
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Figure 13: Pressure at the first (left) and last (right) timestep. 
 
 
 
Figure 14: Gas saturation at the first (left) and last (right) timestep. 
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Figure 15: Oil saturation at the first (left) and last (right) timestep. 
 
 
 
Figure 16: Water saturation at the first (left) and last (right) timestep. 
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In the primary recovery model, all of the wells were controlled by a bottom-hole pressure 
(BHP) of 1,000 psia. All three wells came on at the beginning and ran through the length of the 
model. The model was run for 23 years. Figure 17 shows the base case primary recovery model 
production profile. This shows the high production rate early on that drops off quickly and is 
indicative of Bakken wells. It also shows the cumulative production of 303,000 stb at the end of 
the simulation. 
 
 
 
Figure 17: Production rate and cumulative profile from base model. 
 
 Figure 18 shows the rate and cumulative production a typical well found in Elm Coulee. 
LeSeuer 11X-23 is a horizontal well producing in the Middle Bakken formation in the Elm 
Coulee field in Montana. Production of this well started in 2005 and in still in production today. 
Over the 12 years, this cumulative oil is almost consistent with the model.  
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Figure 18: LeSeuer 11X-23 production rate and cumulative profile (API # 25083221860000).  
 
In the primary recovery black oil models, the OOIP was just under 5.0x106 barrels. The 
total oil recovered was 861,415 stb from the three producing wells. The recovery factor was 
5.76% over the 23 years the wells produced. This is consistent with the recovery factor seen in 
the Bakken ranging from 1 to 15% (Clark, 2009). 
In the solvent model, the two production wells are consistent with the primary model, but 
the injection well is controlled by a surface flow rate of 350 Mscf/day with a BHP upper limit of 
5,150 psia. The two production wells come on at the start of the model, but the injection well 
begins 5 years later. 
An additional set of models were built to test the dual permeability functionality for 
unconventional reservoirs. These models were created to try and find a connection between a 
single permeability/porosity and a dual permeability/porosity model. The dual permeability 
model was built with the same properties in the single permeability/porosity model except for 
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porosity and permeability. These models were built with a single well in the middle of the 
section. With the model running, three cases were created.  
The first was a single well with no hydraulic fractures.  This was the base case to create 
and compare the dual and single permeability/porosity models (Figure 19). 
 
 
 
Figure 19: Single well model with no hydraulic fractures. 
 
Once the base was completed, a second model was created with hydraulic fractures made 
using a LGR (Figure 20).  
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Figure 20: Single well model with hydraulic fractures made from LGR. 
 
The last model was with hydraulic fractures made with a coarse grid (Figure 21).  
 
 
Figure 21: Single well model with hydraulic fractures made from a coarse grid. 
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With the model set up, cases were created to test the changes in the parameters mentioned 
in the beginning of the methods section. Many runs were made to understand each of these cases. 
The data from these cases were then put into graphs to easily read the results. 
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4. Results 
Results are given for each of the tested parameters.  
4.1. Primary Recovery Model 
4.1.1. Homogeneous Porosity 
With the model running, the first parameter evaluated was porosity in the primary 
production model. It was completed to see how changes in porosity affected production. It is 
clear that it has one of the greatest impacts on reservoirs. Porosity shows better oil production as 
its value increases. This results from the fact that an increase in porosity increases the amount of 
storage available for oil. The porosity case uses values that have been seen in the Bakken. These 
values ranged from 1% to 10% (Figure 5) and included the base case porosity (7.5%). The range 
of total recovered oil from the chosen values was from 150,000 to 370,000 stb (Figure 22). This 
was one of the largest range of values observed in all the cases. 
 
 
Figure 22: Total oil for the primary model porosity case. 
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4.1.2. Heterogeneous Porosity 
With the homogenous porosity case complete, two other cases with porosity were run. A 
heterogeneous case with a more geologic representative porosity using SGeMS (Stanford 
Geostatistical Modeling Software) for the variation of properties and another case with the 
vertical layers with different porosity. Both cases were run with the average porosity of 7.5%, the 
porosity of the base case model, and a standard deviation of 5%. 
4.1.2.1. Heterogeneous Porosity (SGeMS) 
SGeMS is a program that allows for geologic variability in model properties, as long as it 
is given the model size, standard deviation, and direction of continuity of the property that is 
being estimated. With that set of parameters, the program can generate millions of different 
realizations of that given model property. For this case, 5 runs were done to see how the 
variability of porosity differed from each other and from the homogeneous porosity. Figure 23 
shows two of the porosity runs. The model on the left has more continuity in the NE-SW 
direction and the model on the right has similar continuity in all directions. Figure 24 shows the 
total production with all the runs. 
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Figure 23: Two runs of the heterogeneous porosity case generated from SGeMs. 
 
 
 
 
Figure 24: Total oil of the SGeMs heterogeneous porosity case. 
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4.1.2.2. Heterogeneous Porosity (Vertical Layers) 
Two runs were made in this case to understand the effects of different porosities in the 
layers of this model. These two runs were done with all 8 layers differing (one run) and 4 
sections of 2 layers differing as shown in Figure 25. The vertical heterogeneity porosity models 
also do not show very much difference in production as it ranges from 280,000 to 305,000 stb 
(Figure 26). 
 
 
 
Figure 25: (top) 8 layer run (bottom) 4 layer run.  
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Figure 26: Total oil of the vertical layer heterogeneous porosity case. 
 
The different heterogeneous models show similar production results. The average 
production of these models is around 305,000 stb. This production correlates to the original 
homogeneous porosity of 7.5%. This range is 280,000 to 320,000 stb. The minor fluctuation of 
production is due to the wells in a higher or lower section of porosity.    
4.1.3. Permeability 
The permeability case also was run with values seen in the Bakken. These values ranged 
from 0.001 to 0.12 md (Figure 5) and included the base case permeability of 0.04 md. The 
porosity remained at base case of 7.5% throughout the runs. The total oil ranged from 82,000 to 
380,000 stb (Figure 27). With the Bakken having relatively low permeability, a slight increase in 
permeability can have a major impact on total production. While a core sample can provide a 
matrix permeability measurement, this does not take into account the natural fracturing that may 
exist in the reservoir. These natural fractures in the reservoir, if connected with other natural 
fractures, can create some uncertainty for the permeability values, as this would increase the 
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permeability throughout the reservoir. This difference between the matrix permeability and 
fracture permeability of the reservoir may suggest there could be a range of permeability in a 
reservoir. This discussion continues below in the dual permeability section. 
 
 
Figure 27: Total oil of the permeability case. 
 
4.1.4. Heterogeneous Permeability 
The SGeMS program was also used to model uncertainty in permeability. For the 
heterogeneous permeability case, four runs were completed to see how varying permeability 
affected the oil production and how it compared to production from the homogeneous 
permeability. One of the four runs is shown in Figure 28. Figure 29 shows the total production 
with all the runs. The heterogeneous permeability gave a range smaller than the heterogeneous 
porosity. These runs remained very close to the original run. 
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Figure 28: Permeability profile generated from SGeMs.  
 
 
 
Figure 29: Total oil of the SGeMs heterogeneous permeability case.  
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4.1.5. Relative Permeabilities  
Relative permeabilities are another uncertain parameter in unconventional reservoirs. 
These are comparatively unknown because we cannot or have not been able to measure them due 
to the low permeabilities in the Bakken. In this study, first a straight-line relative permeability 
was compared to a normal exponential curve. Second, the water-oil relative permeabilities and 
gas-oil relative permeabilities were tested. In the final case, the relative permeability curves were 
changed along the gas saturation (x axis). 
4.1.5.1. Type of Curve for Relative Permeability 
The shape of the relative permeability curve was considered prior to changing relative 
permeability end points (Figure 30). Non-linear relative permeabilities are used in conventional 
reservoirs while the use of linear relative permeabilities are used mostly in fractured reservoirs. 
Figure 31 compares the oil production results for a linear and non-linear relative permeability 
function. The non-linear relative permeability showed only a slight increase in cumulative 
production over the 23 years the model ran. The difference was in the rate of production. While 
they did almost produce equal amounts of oil in the end, the production rate of the linear relative 
permeability was higher in the beginning and fell off in the end. While this is expected, this case 
was completed to make sure everything was working correctly for our relative permeability in 
the model. The cumulative gas was the biggest change in this case which had a 120,000 Mscf 
difference (Figure 32). If a reservoir is showing high initial production rates and high cumulative 
gas, it may be that a linear relative permeability is needed to correctly model it. For this model, it 
was decided to continue with non-linear relative permeabilities as this is used in most models.  
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Figure 30: Relative permeabilities showing the straight line (SL) and the curved line (CL). Kro is oil 
relative permeability and Krg is gas relative permeability. 
 
 
 
Figure 31: Total oil of the type curve for relative permeability. 
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Figure 32: Total gas of the type curve for relative permeability. 
 
4.1.5.1. Water/Oil Relative Permeability 
The first relative permeability considered was the water relative permeability properties. 
When these properties were changed (Figure 33), there was little difference in the total 
production of oil. The range of cumulative oil was 193000 to 195000 stb over the 23 years as 
seen in Figure 34. The biggest difference seen in this case was the cumulative water. These 
values ranges from 17,000 to 31,000 stb with the endpoints of the relative permeabilities at 0.4 
and 1.0 respectively (Figure 35).The slight change in oil production was due to the amount of 
water being produced. This increase of water production interfered with the oil production.   
The lesser cumulative oil values in this case is due to using the capillary pressure case, 
which allowed for water production. The differences in this case from the original base case was 
around 100,000 stb. 
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Figure 33: Water/Oil relative permeability curves (oil constant). 
 
 
 
Figure 34: Total oil of the water relative permeability cases (oil constant). 
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Figure 35: Total water production of the water relative permeability cases (oil constant). 
 
4.1.5.2. Gas/Oil Relative Permeability (Oil Constant)  
Changes in the gas relative permeabilities showed little effect on the results. The krg max 
ranged from 1.0 to 0.5 decreasing in increments of 0.2 except for the final run which remained 
consistent with the base case model at 0.5 (Figure 36). The total oil varied by only a couple 
hundred barrels between all 4 runs (Figure 37). The significant difference seen in these runs are 
with the total gas, which ranged from 157,000 to 166,000 Mscf (Figure 38). Gas production 
increased as krg max increased. Figure 39 show the gas saturation of the 0.5 and 1.0 krg max 
runs. Krg max does not appear to have a large impact on model results. This is due to the gas 
saturations in the model. Gas saturations began at 0% and only increased to 12% in the krg max 
0.5 run and 17% for the krg max 1.0 run. In this case (Figure 36), there is not much difference in 
the gas relative permeability curves from 0 to 20% gas saturation. A greater impact would be 
seen in gas production if saturations reached 25% or higher. At that point, the differences in the 
relative permeability curves are noticeable. However, the model did not run long enough to reach 
these saturations. 
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Figure 36: Gas/Oil relative permeabilities (oil constant). 
 
 
 
Figure 37: Total oil of the gas relative permeability cases (oil constant). 
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Figure 38: Total gas of the gas relative permeability (oil constant). 
 
 
 
 
Figure 39: Gas Saturations of 0.5 (left) and 1.0 (Right). 
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4.1.5.3. Gas/Oil Relative Permeability (Gas Constant) 
Changes in the oil relative permeably was shown to have a significant effect on the 
results. The kro max ranged from 1.0 to 0.4 decreasing in increments of 0.2 (Figure 40). The 
total oil graph shows all four runs (Figure 41). This case shows that the higher the oil relative 
permeability, the better the oil recovery. The total oil ranged from 305,000 stb with a kro max at 
1.0 to 215,000 stb with a kro max at 0.4. This case also shows cumulative gas decreasing as oil 
relative permeability decreases (Figure 42). This decline in gas production is due to less oil being 
produced. The most representative of these curves to the Bakken is believed to be 1.0 or 0.8 for 
the kro max as this seems to get the results close when history matching.  
 
 
 
Figure 40: Gas/Oil relative permeability (gas constant). 
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Figure 41: Total oil of the oil/gas relative permeability cases (gas constant). 
 
 
 
Figure 42: Total gas of the oil/gas relative permeability cases (gas constant). 
 
4.1.6. Gas/Oil Relative Permeability (Sliding along Gas Saturation) 
The last case with oil-gas relative permeability was done to see what would happen when 
the end points of the relative permeabilities were changed along the x-axis (gas saturation) as 
shown in Figure 43. The range of the Sgmin was 0 to 0.5 Sg. The three runs, Sg 0.5-1.0, Sg 0.4-
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0.9, and Sg 0.3-0.8, had the most significant production (Figure 44), but there was very little 
difference between the total production of these runs. The three other runs, Sg 0.2-0.7, Sg 0.1-
0.6, and 0.0-0.5 had decreased production down to the base case model (0.0-0.5). The range of 
the total oil was 305,000 to 400,000 stb. Until the pressure drops and gas comes out of solution, 
the first 3 years of oil production is the same for all of the runs as seen in Figure 44. Then, once 
gas begins to comes out of solution, the production curves starts to diverge. This can be 
explained by the example situation shown in Figure 43. At a oil saturation of 80%, the red run 
has an oil relative permeability of 0.18, the orange run has an oil relative permeability of 0.4 and 
the remainder of the runs have the same cumulative oil production, since they are all at an oil 
relative permeability of 1.0.  
 
 
 
Figure 43: Gas/Oil relative permeability (sliding along gas saturation). 
 
Oil saturation example 
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Figure 44: Total oil of the sliding relative permeability cases. 
 
4.1.7. Relative Permeability Discussion 
Relative permeabilities are one of the less understood properties in unconventional 
reservoirs. The relative permeability values in this model were based on Schlumberger ECLIPSE 
tight reservoir sample models. These relative permeabilities have also been used in research by 
Shoaib (2009), Yu et al. (2014) and Nojabaei (2015). The base case model in this paper also 
modified the relative permeabilities from Schlumberger to understand the differing effects. The 
relative permeabilities shown above give us a range of production when modeling these types of 
reservoirs. The most significant changes are seen when changing the oil relative permeabilities 
and when sliding the relative permeabilities along the gas saturation. Changing the gas relative 
permeability only affects the total amount of gas produced. With porosity and permeability 
generally known in a reservoir, relative permeabilities might be one of the few changes that can 
be made to help create a better history match without degrading the integrity of a model.  
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4.1.8. Capillary Pressure 
In the beginning of the study, changes in capillary pressure had no effect on oil 
production. This was due to the water-oil contact being set hundreds of feet below the reservoir. 
It was found that raising the water-oil contact closer to the reservoir allowed for water to be 
produced when changing the capillary pressure. The original run had no capillary pressure while 
the second run had capillary pressure from 0-10 psi (Figure 45). This capillary data was taken 
from conventional reservoir data (PetroWiki, 2016). Capillary pressure data, like relative 
permeability data, is basically unknown from not only Elm Coulee, but unconventional 
reservoirs in general. Because this data is unavailable, a conventional sandstone capillary 
pressure was used in this case.     
 
 
 
Figure 45: Capillary pressure from 0 to 10 psi. 
 
When the base case was run, the water-oil contact was 26 feet below the reservoir and 
had no capillary pressure. This meant that there was no mobile water in the model. The lack of 
capillary pressure did not allow for water to enter the section of the model. Figure 46 compared 
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water saturations of the two runs at the first timestep while Figure 47 shows what happens to the 
water saturations of the capillary pressure run at the first and last timestep. The addition of 
capillary pressure allows for free water to enter the reservoir and be produced. The addition of 
water also reduces the amount of oil being produced. The differences seen over the 23 years of 
production is about 100,000 stb as seen in Figure 48. 
 
 
Figure 46: Water saturation with no capillary pressure (left) vs with capillary pressure (right). 
 
 
 
 
Figure 47: Capillary pressure water saturations at the first (right) and last (left) timestep. 
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Figure 48: Total oil of the capillary pressure runs. 
 
4.2. Solvent Model 
After the primary recovery model cases were run, a solvent model was built to do a 
sensitivity study of the same properties evaluated from the primary recovery model. This model 
kept the two outside wells on production throughout the simulation. After 5 years, an injector 
well was drilled in between the two wells to inject the gas produced from the wells and CO2. The 
gas was injected at a rate of 350 Mscf/day with a bottom-hole pressure upper limit of 5,150 psia.  
This model was created to show what would happen to the oil production when gas was injected 
into these tight reservoirs while changing the same properties that were observed in the primary 
recovery model. The cumulative oil production of the base case solvent model jumped to 
550,000 stb from 303,000 stb in the primary recovery model.  
4.2.1. Porosity 
Increased porosity in the model again increased oil production. This results from the fact 
that an increase in porosity increases the amount of storage available for oil. The porosity case 
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uses some of the same values in the primary recovery model. The porosity values range from 5% 
to 10% and includes the base case porosity (7.5%). The range of total recovered oil from the 
chosen values was 473,000 to 593,000 stb (Figure 49).  
 
 
Figure 49:Total oil of the solvent model porosity cases. 
 
While it is not possible to drastically change porosity in a reservoir, this work shows that 
there is a need to have accurate porosity values in the model as small changes in porosity can 
have a large impact on production. This result also shows that acreage considered to have the 
highest porosities should be developed first, if possible. 
The model shows some similarity to the primary recovery model but there were some 
discrepancies between the two. The production values of the solvent model were about 50,000 
barrels greater at 5 years between the two models (Figure 50). The production should have been 
equal for the first 5 years since there was no gas being injected at that time, and all of the input 
parameters are the same. The solvent model, however must initialize or run differently than the 
pure black oil model since the results are so different these first five years. Therefore, this 
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difference does not allow for a correlation with the primary model, but the solvent model can 
still show results for the changes in the parameters.  
 
 
 
Figure 50: Primary model compared to solvent model. 5 years is when gas injection begins and the two 
models should differ. 
 
4.2.2. Permeability 
A model run showing the effect of different permeabilities was run with values ranging 
from 0.01 to 0.12 md, including the base case of 0.04 md used in the primary recovery model. 
The porosity remained at base case of 7.5% throughout the runs. The total oil ranged from 
249,000 to 695,000 stb (Figure 51). This range is due to the amount fluid that can flow in the 
reservoir and the amount of gas being injected into the reservoir. The 0.01md run produced 
minimal gas and did not allow for much gas to be injected while the 0.08 and 0.12 md runs had 
maximum gas injection (146 Mscf compared to 577,000 Mscf over the 23 years). This model 
shows that there appears to be some minimum permeability that is needed for gas injection to be 
possible. Due to the production increase from 0.01 md to 0.04 md, for this model 0.04 may be 
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the minimum permeability needed for gas injection. Figure 52 shows that no gas is being injected 
into the well. This case also shows that at the higher permeabilities, the rate set for injecting gas 
could be higher. This lower rate of gas injection could explain the compound curve.  
 
 
 
Figure 51: Total oil of the solvent model permeability cases. 
 
 
 
Figure 52: Total oil of the solvent model permeability cases. 
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While it is possible to slightly alter the permeability of a reservoir (e.g. hydraulic 
fracturing, acidizing), this case shows that, as with porosity, there is a need to have accurate 
permeability values in the model as these small changes can have a large impact on production.  
4.2.3. Relative Permeability 
Based on the relative permeability cases run in the primary recovery model, the main 
case investigated in the solvent model was the oil and gas relative permeability with the gas 
being constant (Section 4.1.5.3). These results showed relative permeability had the same effect 
as it had on the primary recovery model when comparing cumulative production. This effect is 
that total production decreases as the oil relative permeability end-point decreases (Figure 53). 
The cumulative gas shows that for kro 1.0, 0.8 and 0.6 that gas breakthrough is occurring which 
is when the injected fluid breaks through to a producing well (Figure 54). 
Another case with relative permeability, holding the oil relative permeability constant, 
was run in the solvent model. This case showed no change in oil production and was excluded 
from the results.  
This case is a little different from the porosity and permeability cases. There was some 
data in the PROPS section, which contains rock and fluid properties, that was found problematic 
for the relative permeabilities. With the relative permeability problem fixed, it was noticed that 
the cumulative oil increased by almost 100,000 stb. With this study, we are just trying to 
understand the effects of certain parameters on a reservoir. We are still able to see the effects of 
the oil relative permeability, porosity and permeability.  
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Figure 53:Total oil of the oil/gas relative permeability solvent case (gas constant). 
 
 
 
Figure 54: Total gas of the oil/gas relative permeability solvent case (gas constant). 
 
4.2.4. Solvent Properties 
The solvent properties were vastly different from any of the relative permeability 
properties. Two properties were changed in the solvent section. The first was the phase fraction 
(Ssolvent / (Sgas + Ssolvent) which is the fraction of solvent relative to gas which was required to start 
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at zero and end at one. The second property changed was the solvent relative permeability 
multiplier (Krs *). This multiplier is used to find the relative permeability in the equation: 
 
 
(3) 
  
 
Where Krgt is the total gas phase relative permeability input taken from gas saturation 
function. In the base case solvent model, two values were used for these properties, zero and one, 
to create a straight line as seen in the original run in Figure 55. This is how Schlumberger 
describes it in their reference manual. The four other lines were run to see if differences in the 
solvent relative permeability multiplier changed the results (Figure 55). They did not impact the 
production, which showed that changes in this solvent property had no effect on the results. 
 
 
 
Figure 55: Solvent function. 
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4.3. Dual Permeability 
This study was completed to find out if a single porosity model with an average porosity 
and permeability could provide the same results as a dual permeability model as natural fractures 
are often seen in unconventional reservoirs. An equation was created to determine the average 
permeability of the single permeability/porosity model without hydraulic fractures using the 
porosities and permeabilities of the dual permeability model. That equation is: 
 
 
(4) 
  
There were two different cases investigated in the dual permeability model to try and 
validate the equation. The first case was run to determine what porosity and permeability values 
were needed to equal oil production in both the single permeability/porosity and the dual 
permeability models. The single well with no hydraulic fractures was looked at to find these 
values. Once the porosity and permeability values were determined for both models, runs were 
made with these properties in two difference fracture models (Figure 56).  
The values used for the single permeability run were 7.5% porosity with 0.04 md in the X 
and Y direction, and 0.004 md in the Z direction. The dual porosity and permeability matrix 
values were 8% porosity with 0.0003 md in the X and Y direction and 0.00003 md in the Z 
direction. The fracture values were 0.5% porosity with 7.5 md in the X and Y direction and 0.75 
md in the Z direction. These values, when run, showed equal total oil in both runs with no 
hydraulic fractures. The yellow and green lines in Figure 55 are for these two cases, and notice 
that they are laying on top of each other. 
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The two models (LGR and coarse grid) are two different ways to model hydraulic 
fractures. LGR replaces a set of cells in the original grid by a finer grid, which helps set the 
permeability of just the hydraulic fractures. The coarse grid method changes the permeability of 
the whole gridblock. These hydraulic fracture models always produce more than non-fracture 
models due to the increase of permeability. Just as hydraulic fracture models produce more than 
non-fracture models, coarse grid models produce more than LGR models. This is explained by 
more gridblocks having an increased permeability. Figure 55 shows that the dual permeability 
models produce less than the single permeability models by 60,000 to 100,000 stb. The wells 
with hydraulic fractures showed less total oil in the dual permeability models.  
 
 
 
Figure 56: Dual permeability model total oil (equal parameters). 
 
Once it was determined that the production was not equal between the hydraulic fractured 
models, a second case was run to find the values to get equal production for the LGR and coarse 
grid runs. This was done using a trial and error method changing the porosity and permeability 
values in the fracture grid. The values found for the LGR fractures were 0.66% porosity with 
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permeabilities of 7.5 md in the X and Y direction and 0.75 in the Z direction. The values for the 
coarse grid fractures were 0.71 % porosity with permeabilities of 8.5 in the X and Y direction 
and .85 md in the Z direction. Figure 57 shows the total oil for each run. This shows the well 
with no hydraulic fractures having the least amount of production at around 320,000 stb. The 
well with LGR fractures shows a vast improvement in oil production with about 200,000 stb 
more than the well with no hydraulic fractures. Finally, the coarse grid hydraulic fractured well 
shows the greatest amount of oil production with 100,000 stb more than the well with LGR. 
Although the cumulative production values at 23 years can be matched, the shapes of the curves 
are very different. This will lead to different economic results and very different decisions. 
Equation 4 is not a good approximation for the dual permeability models with hydraulic 
fractures. If the equation was to be trusted, it needed to work for all the cases. As such, it is 
believed that if the natural fracture are important for flow, then a dual permeability model should 
be developed.  
The differences in each model is what lead to the differences in the total oil. First, the 
single well with no hydraulic fractures is the most basic run without stimulation. The two runs 
with hydraulic fractures showed better total production. The difference in total production is 
explained by how each are modeled. Local grid refinement takes a grid block and allows for 
enhanced grid definition causing the model to have realistic hydraulic fractures. The coarse grid 
model incorporates the whole grid blocks that contain the hydraulic fractures and gives them the 
permeability of the fractures, thus increasing production. When considering which model to use 
a coarse gird model is easier to set up and reduces run time while the LGR is more realistic but is 
more difficult to create and increases run times.  
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Figure 57: Dual permeability model total (equated). 
 
4.4. Summary 
When looking at oil production for an Elm Coulee well in the Bakken (Figure 19), it is 
shown to produce around 220,000 bbl over the 12 years it has been producing. This cumulative 
production is consistent with the primary recovery model in this study.  
Figure 58 shows the properties investigated and the degree that a given property can 
influence oil production. 
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Figure 58: Tornado chart of properties tested (primary model). 
 
This chart shows the base line at 305,000 stb being the original run production total. This 
chart also shows the deviation for each property observed within the limits of Bakken. Porosity 
and permeability have the greatest impact on a reservoir. However, each of these properties 
affects the reservoir differently. Porosity and permeability sensitivity show that production can 
greatly vary within the Bakken’s limits. The relative permeability parameters resulted in an 
increase and decrease in production when compared to the base case  model. The decrease is 
because the base case model has the highest oil relative permeability where the increase is due to 
sliding the relative permeability to higher gas saturation values.  Finally, relative permeability 
holding the oil constant essentially shows no changes.  
Figure 59 shows the properties investigated in the solvent model. Porosity and 
permeability show to affect the reservoir differently than in the primary recovery model. 
Permeability has a much bigger role in the solvent model.  This can be explained with 
permeability having a larger role with injection than porosity. 
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Figure 59: Tornado chart of properties tested (solvent model). 
 
 The dual permeability model showed that an equation could relate to the single 
permeability model. This equation worked with the well with no hydraulic fractures, but was 
shown not to work when tried with the hydraulic fracture models. With matched production, the 
shapes of the production rates were seen to be vastly different.  Further research is needed to try 
to find if a relationship can be drawn between dual and single permeability models. 
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5. Conclusions and Recommendations for Future Work 
In summary, we evaluated uncertainty in reservoir properties to try to understand the 
impact they have on production. Models were built to test the properties such and porosity, 
permeability and relative permeabilities. 
Almost all the properties investigated can influence the total production predicted by the 
model. Porosity is comparatively well known because of logs and cores, but has a huge impact so 
it is important to have correct porosity values in the model. Permeability’s impact is well known 
in a reservoir. The trouble is finding out the reservoir’s permeability. This is generally found 
from cores, but often cores are not available. Even with cores, these are just a small sample of a 
reservoir. This cannot give us a representative sample of the natural fractures occurring in the 
reservoir. Properties can change as cores are brought to surface and are exposed to surface 
pressures and temperatures, thus permeability can still be uncertain. Relative permeabilities are 
poorly known, but the results of this study show that they do have an impact, while not as much 
as porosity and permeability, on a given reservoir. There is a need to develop techniques to try to 
calculate relative permeability values for unconventional reservoirs. This could be inventing a 
way to maintain a core at pressures and temperatures of the reservoir until they reach a lab or 
possible CT scanning of a core, as conventional techniques (core flooding) do not seem to work. 
The heterogeneous properties (permeability and porosity) affect oil production, but this is 
largely dependent on the well location. The cumulative oil of the three wells were similar (within 
a couple thousand barrels over 23 years) to the homogeneous model. The model showed that 
when one well produced less oil than the base case model, it was in a lower average permeability 
or porosity area. The other two wells were in higher average permeability or porosity areas and 
when averaging the three wells’ production, they had a cumulative oil that was equal to the base 
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case homogeneous model. While the heterogeneous properties will be more consistent with the 
real reservoirs, homogeneous properties can still be used to for ease of modeling. This allows for 
a reduction of model run times due to the decreased complexity of the model. This was observed 
when running both models.  
Relative permeability was shown to have a significant effect on production. The effect on 
the primary model was shown to be able to increase or decrease cumulative oil by 100,000 stb 
(one third of cumulative oil). With relative permeability somewhat unknown in these tight 
reservoirs, this range of cumulative oil can make it difficult to pinpoint the relative permeability 
for a reservoir. This range can help with history matching. If the permeability and porosity are 
known and is not close to a match, the relative permeability could be a good option to change.  
A solvent model was created to study the same parameters of the primary model with the 
addition of EOR. The relative permeabilities have the same effect in both models, while the 
biggest change from the primary recovery model was seen in the permeability case. This is due 
to the amount of oil that could be produced, if the bubble point was reached, how much gas was 
produced to be injected back into the reservoir, and ease of injection back into the reservoir.  
There is a need to make sure that there are accurate porosity and permeability values in 
the model as a small change in either can have a large impact on production. This also shows that 
sections of a reservoir considered to have the highest porosities and permeabilities should be 
developed first, if possible. 
When comparing the production of a single horizontal well, it is important to understand 
the effects of natural fractures in a reservoir as in the Bakken. A natural fracture network can 
greatly influence a reservoir. The dual permeability model versus the single permeability gives 
very different shapes of the curves and production rates. It is believed that the dual permeability 
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model did not model the hydraulic fractures correctly, but if it is thought that there is a strong 
natural fracture contribution, a dual permeability model is probably needed. 
History matching is a good way to validate a model. A good history match involves data 
gathered from real wells and trial and error iterations from the unknown properties. Relative 
permeability is one option to help history match in these unconventional reservoirs. As seen in 
the results, relative permeability can affect a reservoirs curve and production total. A second 
option in these reservoirs are the natural fractures, which can greatly affect production. Further 
research of these dual permeability systems could be done to understand its effect.  
With these models, the properties shown can help with history matching on future models 
due to the knowledge of how, and to what degree, each property effects the reservoir. There is no 
need to use heterogeneous porosity or permeability in a model as long as an average value is 
known. If porosity and permeability are well known, it may be harder to history match a model 
with those set. The changes seen in this study show that from the base case, production can vary 
greatly with changes in the oil/gas relative permeabilities.    
Suggested areas for future research is to investigate dual permeability systems in 
unconventional reservoirs to fully understand natural fractures and their effect. Core analysis 
along with further modeling could be done to narrow down the uncertainties currently existing in 
these dual permeability models/reservoirs. 
Another area for future research is studying the molecular diffusivity of CO2 and the 
effects of this parameter. To do this would require soak period times. It is anticipated that the 
variations in soak period times will be seen to have a significant effect on production rates. In 
addition, a diffusivity coefficient is required for CO2 modeling in the oil phase for tight 
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reservoirs. Currently this diffusivity coefficient is mostly unknown, thus, a sensitivity study 
should be performed. 
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7. Appendix A:  
The pressure, volume, temperature data is shown below for oil, gas and the solvent fluids. 
7.1. Live Oil PVT 
 
 
Figure 60: Gas-oil ratio.  
 
 
 
Figure 61: Oil formation volume factor. 
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Figure 62: Oil viscosity 
 
 
7.2. Solvent PVT Data 
 
 
Figure 63: Solvent formation volume factor. 
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Figure 64: Solvent viscosity. 
 
7.3. Dry Gas PVT Data 
 
 
Figure 65: Dry gas formation volume factor. 
 
80 
 
 
Figure 66: Dry gas viscosity. 
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8. Appendix B:  
Decks were built in notepad and run in eclipse. These two models are the primary and 
solvent base cases. 
8.1. Primary Model 
---*********************NEW RUNSPEC SECTION********************** 
RUNSPEC 
TITLE 
Black Oil Elm Coulee: 
  
DIMENS 
  53    53   8  / 
  
ROCKCOMP 
IRREVERS  2  / 
 
OIL 
GAS 
DISGAS 
WATER 
  
FIELD 
  
  
TABDIMS 
    1    1   20   20    1    1 / 
  
WELLDIMS 
    4 107 2 4 / 
LGR  
 55 500 6 11 21 10 'NOINTERP' 0 / 
START 
   30 'NOV' 2004  / 
  
UNIFOUT 
 
--FMTOUT 
 
NSTACK 
40 / 
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MESSAGES 
8* 300000 10000 
/ 
 
 
  
--======================================================= 
GRID     
INIT  
  
  
DX 
22472*100.0 / 
  
DY 
22472*100.0 / 
  
DZ 
22472*3.0/ 
  
 
BOX 
1 53 1 53  1  1 / 
 
TOPS    
2809*7500 / 
ENDBOX 
 
 
 
 
 
--shale perm  
--BOX 
--1  53  1   53  1  3  / 
 
--PORO 
--8427*0.02 
--/ 
 
--PERMX 
--8427*.002  
--/ 
 
--COPY  
--    'PERMX'  'PERMY' / 
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--/ 
 
--PERMZ 
--8427*0.0002 / 
 
--ENDBOX 
 
 
  
 
--dol perm  
BOX 
1   53   1  53  1  8  / 
 
 
PORO 
22472*0.075  
/ 
 
PERMX 
22472*0.04 
/ 
 
COPY  
    'PERMX'  'PERMY' / 
 
/ 
 
PERMZ 
22472*0.004 / 
ENDBOX 
 
 
 
--Adding fracture permeability 
--2HRMcChesney 
 
 
CARFIN 
'LGR1' 3 3 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
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EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR2' 9 9 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
 
 
CARFIN 
'LGR3' 15 15 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
 
 
CARFIN 
'LGR4' 21 21 11 17 4 8 6 7 5 1 GLOBAL/ 
85 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
 
 
CARFIN 
'LGR5' 27 27 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
 
CARFIN 
'LGR6' 33 33 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
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CARFIN 
'LGR7' 39 39 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
 
CARFIN 
'LGR8' 45 45 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
 
CARFIN 
'LGR9' 51 51 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
87 
/ 
ENDFIN 
 
 
 
 
--Adding fracture permeability 
--3HRMcChesney 
 
 
CARFIN 
'LGR10' 3 3 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR11' 9 9 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
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CARFIN 
'LGR12' 15 15 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR13' 21 21 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR14' 27 27 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
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PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
CARFIN 
'LGR15' 33 33 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
CARFIN 
'LGR16' 39 39 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
CARFIN 
'LGR17' 45 45 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
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100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
CARFIN 
'LGR18' 51 51 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
 
 
--Injection Well 
CARFIN 
'LGR19' 3 3 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
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/ 
 
ENDFIN 
 
 
CARFIN 
'LGR20' 6 6 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR21' 12 12 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR22' 18 18 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
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100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR23' 24 24 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR24' 30 30 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
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ENDFIN 
 
CARFIN 
'LGR25' 36 36 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
CARFIN 
'LGR26' 42 42 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
CARFIN 
'LGR27' 48 48 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
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PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
 
 
--2HRMcChesney 
CARFIN 
'LGR28' 4 8 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR29' 10 14 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR30' 16 20 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR31' 22 26 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR32' 28 32 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR33' 34 38 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR34' 40 44 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR35' 46 50 14 14 4 8 10 1 5 1 GLOBAL/ 
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ENDFIN 
 
AMALGAM 
'LGR1' 'LGR2' 'LGR3' 'LGR4' 'LGR5' 'LGR6' 'LGR7' 'LGR8' 'LGR9'  
'LGR28' 'LGR29' 'LGR30' 'LGR31' 'LGR32' 'LGR33' 'LGR34' 'LGR35'/ 
/ 
 
--3HRMcChesney 
 
CARFIN 
'LGR36' 4 8 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
CARFIN 
'LGR37' 10 14 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
CARFIN 
'LGR38' 16 20 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
CARFIN 
'LGR39' 22 26 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
CARFIN 
'LGR40' 28 32 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR41' 34 38 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR42' 40 44 40 40 4 8 10 1 5 1 GLOBAL/ 
 
96 
ENDFIN 
 
CARFIN 
'LGR43' 46 50 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
AMALGAM 
'LGR10' 'LGR11' 'LGR12' 'LGR13' 'LGR14' 'LGR15' 'LGR16' 'LGR17' 'LGR18' 
'LGR36' 'LGR37' 'LGR38' 'LGR39' 'LGR40' 'LGR41' 'LGR42' 'LGR43' / 
/ 
 
 
 
--Injection Well 
CARFIN 
'LGR44' 4 5 27 27 4 8 4 1 5 1 GLOBAL/ 
 
 
ENDFIN 
 
CARFIN 
'LGR45' 7 11 27 27 4 8 10 1 5 1 GLOBAL/ 
 
 
ENDFIN 
 
 
CARFIN 
'LGR46' 13 17 27 27 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
CARFIN 
'LGR47' 19 23 27 27 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
CARFIN 
'LGR48' 25 29 27 27 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
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'LGR49' 31 35 27 27 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR50' 37 41 27 27 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR51' 43 47 27 27 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR52' 49 50 27 27 4 8 4 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
 
AMALGAM 
'LGR19' 'LGR20' 'LGR21' 'LGR22' 'LGR23' 'LGR24' 'LGR25' 'LGR26' 'LGR27'  
'LGR44' 'LGR45' 'LGR46' 'LGR47' 'LGR48' 'LGR49' 'LGR50' 'LGR51' 'LGR52' / 
/ 
 
 
 
 
 
 
 
--======================================================== 
 
PROPS 
 
ROCKTAB 
14.7    0.92   0.92  
1000    0.93   0.93  
2000    0.94   0.94  
3000    0.96   0.96  
4000    0.98   0.98 
5000    0.99   0.99  
6000    1.00   1.00  
6600    1.00   1.00  
7000    1.00   1.00 / 
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/ 
 
 
 
  
SWOF 
--Sw    krw          kro          Pc      
0.250    0.00000  1.00000      0.000   
0.300    0.00000  0.80000      0.000   
0.400    9.75461e-04  0.37641      0.000   
0.500    0.01561  0.13717      0.000   
0.600    0.07901  0.02963      0.000   
0.700      0.24972       0.00110      0.000   
0.750      0.40000       0.00000      0.000   
/ 
 
 
 
SGOF 
--Sg     krg           kro        Pc  
0.000    0.00000       1.00000    0.000   
0.050    0.00000       0.58320    0.000   
0.100    6.85871e-04   0.40960    0.000   
0.200    0.01852       0.17280    0.000   
0.300    0.08573       0.05120    0.000   
0.400    0.23525       0.00640    0.000   
0.500    0.50000       0.00000    0.000   
/ 
 
PVTW 
-- refpr  bwi     cw          uw 
14.7      1.00   3.25238D-6   0.3003  / ( psi rb/stb  1/psi  CP ) 
 
 
 
 
 
PVTO 
--Rs    RefPr Bo    vis 
0.01921    114.700 1.10712    0.70487   / 
0.13625    583.121 1.16754    0.51695   / 
0.27724    1051.54 1.24421    0.41755   / 
0.43215    1519.96 1.33233    0.35640   / 
0.59731    1988.38 1.42998    0.31440   / 
0.62731    2037.8 1.43700    0.30840   / 
0.71460    2307.43 1.50130    0.29241   / 
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0.77070    2500.00 1.53595    0.28344 
    2800.00 1.52960    0.28376 
    3000.00 1.52560    0.28390 
    3200.00 1.52160    0.28404 
    3500.00 1.51560    0.28425 
    3800.00 1.50960    0.28446 
    4000.00 1.50560    0.28460 
    4500.00 1.49560    0.28495 
    4815.00 1.48930    0.28517  
           5000.00      1.48560    0.28530 
           5200.00      1.48160    0.28544 
           5500.00      1.47560    0.28565 
           6000.00      1.46560    0.28600 
           6500.00      1.45560    0.28635 
           7000.00      1.44560    0.28670 
           7500.00      1.43560    0.28705 
           8000.00      1.42560    0.28740 
           8500.00      1.41560    0.28775 
           9000.00      1.40560    0.28810  /                                         
/ 
 
 
 
PVDG 
--phasepre   Bg          vis 
114.700      30.7655     0.01347   
144.318      24.3736     0.01358   
181.584      19.2940     0.01373       
228.473      15.2574     0.01392   
287.470      12.0501     0.01416   
361.701      9.50220     0.01448   
455.100      7.47874     0.01490   
572.617      5.87274     0.01545   
720.479      4.59950     0.01620   
906.523      3.59220     0.01722   
1140.61      2.79855     0.01863  
1435.14      2.17817     0.02062   
1805.72      1.70025     0.02346   
2272.00      1.34079     0.02747 
3000.00      0.97300     0.02920   
/   
 
  
GRAVITY 
42.0  1.05  0.95  / 
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REGIONS ======================================================= 
 
ROCKNUM 
2809*1  
2809*1 
2809*1 
2809*1 
2809*1 
2809*1 
2809*1 
2809*1   / 
 
  
SOLUTION ================================================== 
  
EQUIL 
-- 1    2      3    4     5    6   7      8       9    
 7300  4000  7600  0.0  5000  0.0  1 / 
 
RSVD 
8500   0.500 
9000   0.500 / 
 
 
  
 
SUMMARY  ================================================== 
  
RUNSUM 
SEPARATE 
 
  
-- Variables to output are greatly flexible.  
-- Summary variables influence little on simulation.  
-- Summary output influences only disk capacity.  
 
FOIP 
 
FOPR 
 
FOPT 
 
FGPR 
 
FGPT 
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WOPR 
'2HR-MCCHESY' 
'3HR-MCCHESY' 
/ 
 
WOPT 
'2HR-MCCHESY' 
'3HR-MCCHESY' 
/ 
 
WBHP 
'2HR-MCCHESY' 
'3HR-MCCHESY' 
'Injection'  
/ 
 
 
 
WGPR 
'2HR-MCCHESY' 
'3HR-MCCHESY' 
/ 
 
WGPT 
'3HR-MCCHESY' 
'3HR-MCCHESY' 
 / 
 
WNIR 
'Injection'/ 
WNIT 
'Injection'/ 
WNPR 
'2HR-MCCHESY'  
'3HR-MCCHESY'/ 
WNPT 
'2HR-MCCHESY'  
'3HR-MCCHESY'/ 
WWPT 
'2HR-MCCHESY'  
'3HR-MCCHESY'/ 
 
wwPR 
'2HR-MCCHESY'  
'3HR-MCCHESY'/ 
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WWCT 
'2HR-MCCHESY'  
'3HR-MCCHESY'/ 
 
WGOR 
'2HR-MCCHESY'  
'3HR-MCCHESY'/ 
 
 
 
SCHEDULE ===================================================== 
 
RPTRST 
BASIC=2 / 
 
 
TUNING 
0.1 30.4  0.001/ 
/ 
30 1 40 / 
 
 
--PRODUCTION 1 
WELSPECL 
--  1          2      3  4   5 6    7     
'2HR-MCCHESY' 'G'   LGR1  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR2  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR3  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR4  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR5  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR6  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR7  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR8  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR9  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR28 1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR29 1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR30 1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR31 1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR32 1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR33 1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR34 1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR35 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR10  1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR11 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR12 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR13 1   2 1*  'OIL' 7* / 
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'3HR-MCCHESY' 'G'   LGR14 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR15 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR16 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR17 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR18 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR36 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR37 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR38 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR39 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR40 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR41 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR42 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR43 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR19 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR20 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR21 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR22 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR23 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR24 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR25 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR26 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR27 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR44 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR45 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR46 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR47 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR48 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR49 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR50 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR51 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR52 1   2 1*  'OIL' 7* / 
/ 
 
COMPDATL 
-- 1             2   3   4    5  6   7    8  9     10   11  12 13 
'2HR-MCCHESY'   LGR1 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR1 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR1 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR1 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR1 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR1 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR2 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR2 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR2 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR2 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR2 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
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'2HR-MCCHESY'   LGR2 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR3 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR3 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR3 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR3 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR3 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR3 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR4 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR4 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR4 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR4 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR4 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR4 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR5 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR5 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR5 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR5 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR5 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR5 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR6 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR6 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR6 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR6 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR6 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR6 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR7 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR7 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR7 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR7 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR7 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR7 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR8 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR8 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR8 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR8 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR8 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR8 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR9 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR9 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR9 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR9 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR9 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR9 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR28 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR28 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR28 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
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'2HR-MCCHESY'   LGR28 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR29 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR29 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR29 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR29 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR30 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR30 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR30 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR30 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR31 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR31 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR31 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR31 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR32 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR32 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR32 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR32 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR33 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR33 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR33 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR33 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR34 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR34 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR34 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR34 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR35 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR35 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR35 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR35 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
 
/ 
COMPDATL 
'3HR-MCCHESY'   LGR10 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR10 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR10 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR10 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR10 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR10 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR11 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR11 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR11 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR11 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR11 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR11 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR12 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR12 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
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'3HR-MCCHESY'   LGR12 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR12 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR12 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR12 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR13 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR13 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR13 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR13 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR13 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR13 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR14 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR14 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR14 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR14 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR14 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR14 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR15 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR15 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR15 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR15 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR15 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR15 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR16 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR16 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR16 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR16 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR16 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR16 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR17 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR17 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR17 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR17 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR17 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR17 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR18 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR18 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR18 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR18 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR18 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR18 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR36 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR36 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR36 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR36 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR37 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR37 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
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'3HR-MCCHESY'   LGR37 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR37 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR38 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR38 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR38 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR38 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR39 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR39 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR39 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR39 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR40 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR40 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR40 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR40 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR41 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR41 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR41 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR41 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR42 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR42 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR42 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR42 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR43 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR43 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR43 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR43 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
/ 
 
COMPDATL 
 
'Injection'    LGR19 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR19 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR19 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR19 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR19 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR19 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR20 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR20 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR20 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR20 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR20 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR20 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR21 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR21 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR21 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR21 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
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'Injection'    LGR21 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR21 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR22 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR22 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR22 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR22 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR22 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR22 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR23 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR23 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR23 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR23 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR23 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR23 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR24 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR24 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR24 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR24 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR24 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR24 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR25 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR25 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR25 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR25 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR25 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR25 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR26 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR26 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR26 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR26 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR26 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR26 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR27 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR27 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR27 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR27 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR27 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR27 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR44 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR44 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR44 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR44 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR45 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR45 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR45 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR45 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
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'Injection'    LGR46 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR46 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR46 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR46 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR47 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR47 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR47 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR47 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR48 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR48 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR48 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR48 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR49 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR49 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR49 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR49 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR50 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR50 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR50 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR50 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR51 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR51 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR51 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR51 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR52 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR52 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR52 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR52 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
/ 
 
 
 
WCONPROD 
-- 1      2      3  4  [5  6  7   8]   9 
'2HR-MCCHESY'  OPEN BHP  5*   1000.00  / 
'3HR-MCCHESY'  OPEN BHP  5*   1000.00  / 
'Injection'    OPEN BHP  5*   1000.00  / 
 
/ 
 
DATES 
28 'FEB' 2005/ 
/ 
 
DATES 
30 'JUN' 2005/ 
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/ 
DATES 
31 'AUG' 2005/ 
/ 
DATES 
30 'SEP' 2005/ 
/ 
DATES 
30 'NOV' 2005/ 
/ 
DATES 
31 'JAN' 2006/ 
/ 
DATES 
28 'FEB' 2006/ 
/ 
DATES 
31 'MAR' 2006/ 
/ 
DATES 
31 'MAY' 2006/ 
/ 
DATES 
30 'JUN' 2006/ 
/ 
DATES 
31 'OCT' 2006/ 
/ 
DATES 
31 'MAR' 2007/ 
/ 
DATES 
31 'MAY' 2007/ 
/ 
DATES 
31 'JUL' 2007/ 
/ 
DATES 
31 'DEC' 2007/ 
/ 
DATES 
28 'FEB' 2009/ 
/ 
DATES 
28 'JAN' 2010/ 
/ 
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DATES 
28 'FEB' 2011/ 
/ 
DATES 
28 'FEB' 2012/ 
/ 
DATES 
28 'FEB' 2013/ 
/ 
DATES 
28 'FEB' 2014/ 
/ 
DATES 
28 'JAN' 2015/ 
/ 
DATES 
28 'FEB' 2016/ 
/ 
DATES 
28 'FEB' 2017/ 
/ 
DATES 
28 'FEB' 2018/ 
/ 
DATES 
28 'FEB' 2019/ 
/ 
DATES 
28 'FEB' 2021/ 
/ 
DATES 
28 'FEB' 2023/ 
/ 
DATES 
28 'FEB' 2025/ 
/ 
DATES 
28 'FEB' 2027/ 
/ 
DATES 
31 'JAN' 2028/ 
/ 
END     
================================================================ 
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8.2. Solvent Model 
---*********************NEW RUNSPEC SECTION********************** 
RUNSPEC 
TITLE 
Black Oil Elm Coulee: 
  
START 
   30 'NOV' 2004  / 
 
 
FIELD 
 
UNIFOUT 
 
--FMTOUT 
 
OIL 
GAS 
DISGAS 
WATER 
  
NSTACK 
40 / 
  
MISCIBLE 
 1 20 / 
 
MONITOR 
 
RSSPEC 
  
LGR  
 55 500 6 11 21 10 'NOINTERP' 0 / 
 
SOLVENT 
 
DIMENS 
  53    53   8  / 
 
EQLDIMS 
 1 100 100 1 20 / 
 
REGDIMS 
 1 1 0 0 / 
 
TABDIMS 
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    1  1  20  20  1  20  20  1 / 
  
WELLDIMS 
    4 107 2 4 / 
 
 
  
MESSAGES 
8* 300000 10000 2*/ 
 
 
  
--========================================================= 
GRID     
INIT  
 
  
DX 
22472*100.0 / 
  
DY 
22472*100.0 / 
  
DZ 
22472*3.0/ 
  
 
BOX 
1 53 1 53  1  1 / 
 
TOPS    
2809*7500 / 
ENDBOX 
 
 
BOX 
1  53  1  53  1  8  / 
 
PORO 
22472*0.075 / 
ENDBOX 
 
 
--shale perm  
--BOX 
--1  53  1   53  1  3  / 
114 
 
--PERMX 
--8427*.002  
--/ 
 
--COPY  
--    'PERMX'  'PERMY' / 
--/ 
 
--PERMZ 
--8427*0.001 / 
 
--ENDBOX 
 
 
  
 
--dol perm  
BOX 
1   53   1  53  1  8  / 
 
PERMX 
22472*0.04 
/ 
 
COPY  
    'PERMX'  'PERMY' / 
 
/ 
 
PERMZ 
22472*0.004 / 
ENDBOX 
 
 
 
--Adding fracture permeability 
--2HRMcChesney 
 
 
CARFIN 
'LGR1' 3 3 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
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EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR2' 9 9 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
 
 
CARFIN 
'LGR3' 15 15 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
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CARFIN 
'LGR4' 21 21 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
 
 
CARFIN 
'LGR5' 27 27 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
 
CARFIN 
'LGR6' 33 33 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
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/ 
ENDFIN 
 
CARFIN 
'LGR7' 39 39 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
 
CARFIN 
'LGR8' 45 45 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
 
CARFIN 
'LGR9' 51 51 11 17 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
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PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
ENDFIN 
 
 
 
 
--Adding fracture permeability 
--3HRMcChesney 
 
 
CARFIN 
'LGR10' 3 3 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR11' 9 9 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
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CARFIN 
'LGR12' 15 15 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR13' 21 21 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR14' 27 27 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
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EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
CARFIN 
'LGR15' 33 33 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
CARFIN 
'LGR16' 39 39 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
CARFIN 
'LGR17' 45 45 37 43 4 8 6 7 5 1 GLOBAL/ 
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HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
CARFIN 
'LGR18' 51 51 37 43 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
 
 
--Injection Well 
CARFIN 
'LGR19' 3 3 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
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PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR20' 6 6 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR21' 12 12 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR22' 18 18 24 30 4 8 6 7 5 1 GLOBAL/ 
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HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR23' 24 24 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
 
CARFIN 
'LGR24' 30 30 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
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/ 
 
ENDFIN 
 
CARFIN 
'LGR25' 36 36 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
CARFIN 
'LGR26' 42 42 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
 
 
 
EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
ENDFIN 
 
CARFIN 
'LGR27' 48 48 24 30 4 8 6 7 5 1 GLOBAL/ 
 
 
HXFIN 
100 10 1 1 10 100/ 
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EQUALS 
PERMX 100 3 3 1 7 1 5/ 
PERMY 100 3 3 1 7 1 5/ 
PERMZ 100 3 3 1 7 1 5/ 
/ 
 
 
 
--2HRMcChesney 
CARFIN 
'LGR28' 4 8 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR29' 10 14 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR30' 16 20 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR31' 22 26 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR32' 28 32 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR33' 34 38 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR34' 40 44 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
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'LGR35' 46 50 14 14 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
AMALGAM 
'LGR1' 'LGR2' 'LGR3' 'LGR4' 'LGR5' 'LGR6' 'LGR7' 'LGR8' 'LGR9'  
'LGR28' 'LGR29' 'LGR30' 'LGR31' 'LGR32' 'LGR33' 'LGR34' 'LGR35'/ 
/ 
 
--3HRMcChesney 
 
CARFIN 
'LGR36' 4 8 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
CARFIN 
'LGR37' 10 14 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
CARFIN 
'LGR38' 16 20 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
CARFIN 
'LGR39' 22 26 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
CARFIN 
'LGR40' 28 32 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR41' 34 38 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
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'LGR42' 40 44 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR43' 46 50 40 40 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
AMALGAM 
'LGR10' 'LGR11' 'LGR12' 'LGR13' 'LGR14' 'LGR15' 'LGR16' 'LGR17' 'LGR18' 
'LGR36' 'LGR37' 'LGR38' 'LGR39' 'LGR40' 'LGR41' 'LGR42' 'LGR43' / 
/ 
 
 
 
--Injection Well 
CARFIN 
'LGR44' 4 5 27 27 4 8 4 1 5 1 GLOBAL/ 
 
 
ENDFIN 
 
CARFIN 
'LGR45' 7 11 27 27 4 8 10 1 5 1 GLOBAL/ 
 
 
ENDFIN 
 
 
CARFIN 
'LGR46' 13 17 27 27 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
CARFIN 
'LGR47' 19 23 27 27 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
CARFIN 
'LGR48' 25 29 27 27 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
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CARFIN 
'LGR49' 31 35 27 27 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR50' 37 41 27 27 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR51' 43 47 27 27 4 8 10 1 5 1 GLOBAL/ 
 
ENDFIN 
 
CARFIN 
'LGR52' 49 50 27 27 4 8 4 1 5 1 GLOBAL/ 
 
ENDFIN 
 
 
 
AMALGAM 
'LGR19' 'LGR20' 'LGR21' 'LGR22' 'LGR23' 'LGR24' 'LGR25' 'LGR26' 'LGR27'  
'LGR44' 'LGR45' 'LGR46' 'LGR47' 'LGR48' 'LGR49' 'LGR50' 'LGR51' 'LGR52' / 
/ 
 
 
 
 
 
--===================================================== 
 
PROPS 
 
ROCK 
 
      6614.7  4.3e-005  
/ 
 
SORWMIS 
 
         0           0 
         0.5        0.05 
         1           0.15 
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/ 
 
MISC 
           0         0 
         0.1         1 
           1         1 
/ 
 
PMISC 
 
        1000         0 
        2000         0 
        2500         0 
        3100         1 
        3500         1 
        4000         1 
        4500         1 
        5000         1 
        5500         1 
        6000         1 
        7000         1 
        8000         1 
        9000         1 
/ 
  
TLMIXPAR 
 
         0.5         0.5 
/ 
 
SWFN 
          0.25         0                      0 
           0.3          0                      0 
           0.4          0.00097546     0 
           0.5          0.01561           0 
           0.6          0.07901           0 
           0.7          0.24972           0 
          0.75         0.4                   0 
/ 
 
SGFN 
            0               0                     0 
           0.05           0                      0 
           0.1             0.00068587     0 
           0.2             0.01852           0 
           0.3             0.08573           0 
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           0.4             0.23525           0 
           0.5             0.5                   0 
/ 
 
SOF2 
          0.25           0 
           0.3            0.0011 
           0.4            0.02963 
           0.5            0.13717 
           0.6            0.37641 
           0.7            0.8 
          0.75           1 
/ 
 
SOF3 
          0.25           0                      0 
           0.3            0.0011             0 
           0.4            0.02963           0 
           0.5            0.13717           0 
           0.6            0.37641           0.0064 
           0.7            0.8                   0.0512 
          0.75           1                      1 
/ 
 
SSFN 
             0           0           0 
             1           1           1 
/ 
 
 
PVTW 
-- refpr  bwi     cw          uw 
14.7      1.00   3.25238e-006   0.3003  / ( psi rb/stb  1/psi  CP ) 
 
 
 
SDENSITY 
    0.123628 
/ 
 
 
PVTO 
--Rs    RefPr Bo    vis 
0.01921    114.700 1.10712    0.70487   / 
0.13625    583.121 1.16754    0.51695   / 
0.27724    1051.54 1.24421    0.41755   / 
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0.43215    1519.96 1.33233    0.35640   / 
0.59731    1988.38 1.42998    0.31440   / 
0.62731    2037.8 1.43700    0.30840   / 
0.71460    2307.43 1.50130    0.29241   / 
0.77070    2500.00 1.53595    0.28344 
    2800.00 1.52960    0.28376 
    3000.00 1.52560    0.28390 
    3200.00 1.52160    0.28404 
    3500.00 1.51560    0.28425 
    3800.00 1.50960    0.28446 
    4000.00 1.50560    0.28460 
    4500.00 1.49560    0.28495 
    4815.00 1.48930    0.28517  
           5000.00      1.48560    0.28530 
           5200.00      1.48160    0.28544 
           5500.00      1.47560    0.28565 
           6000.00      1.46560    0.28600 
           6500.00      1.45560    0.28635 
           7000.00      1.44560    0.28670 
           7500.00      1.43560    0.28705 
           8000.00      1.42560    0.28740 
           8500.00      1.41560    0.28775 
           9000.00      1.40560    0.28810  /   
                                                    
/ 
 
 
PVDS 
 
        15.025   235.5348       0.01 
           150    23.1161      0.013 
           500     6.6489      0.018 
          1500     1.9065      0.023 
          2000     1.3137      0.025 
          2500     1.0009       0.03 
          2800     0.8617      0.033 
          3000     0.7983      0.035 
          3200     0.7429      0.036 
          3500     0.6741       0.04 
          3800     0.6256      0.042 
          4000     0.5988      0.045 
          4500     0.5561      0.048 
          4815     0.5308      0.049 
          5000     0.5148      0.051 
          5200     0.5053      0.053 
          5500     0.4907      0.055 
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          6000     0.4707       0.06 
          6500     0.4455      0.064 
          7000      0.429      0.067 
/ 
 
PVDG 
--phasepre   Bg          vis 
114.700      30.7655     0.01347   
144.318      24.3736     0.01358   
181.584      19.2940     0.01373       
228.473      15.2574     0.01392   
287.470      12.0501     0.01416   
361.701      9.50220     0.01448   
455.100      7.47874     0.01490   
572.617      5.87274     0.01545   
720.479      4.59950     0.01620   
906.523      3.59220     0.01722   
1140.61      2.79855     0.01863  
1435.14      2.17817     0.02062   
1805.72      1.70025     0.02346   
2272.00      1.34079     0.02747 
3000.00      0.97300     0.02920    
/   
 
  
GRAVITY 
42.0  1.05  0.95  / 
 
 
  
SOLUTION =================================================== 
  
EQUIL 
-- 1    2  3    4  5    6      7      8       9    
 7300  4000  7600  0.0  5000  0.0  1  1*  1* / 
 
RSVD 
 0  1 
/ 
 
 
  
 
SUMMARY  ==================================================== 
  
RUNSUM 
133 
SEPARATE 
 
  
-- Variables to output are greatly flexible.  
-- Summary variables influence little on simulation.  
-- Summary output influences only disk capacity.  
FOIP 
FOPR 
FOPT 
FGPR 
FGPT 
FNPR 
FNPT 
FNIR 
FNIT 
WOPR 
'3HR-MCCHESY' / 
WOPR 
'3HR-MCCHESY' / 
WOPT 
'2HR-MCCHESY' / 
WOPT 
'3HR-MCCHESY' / 
WBHP 
'2HR-MCCHESY' / 
WBHP 
'3HR-MCCHESY' / 
WBHP 
'Injection' / 
WGPR 
'2HR-MCCHESY' / 
WGPR 
'3HR-MCCHESY' / 
WGPT 
'3HR-MCCHESY' / 
WGPT 
'3HR-MCCHESY' / 
WNIR 
'Injection' / 
WNIT 
'Injection' / 
WNPR 
'2HR-MCCHESY' / 
WNPR 
'3HR-MCCHESY' / 
WNPT 
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'2HR-MCCHESY' / 
WNPT 
'3HR-MCCHESY' / 
 
WWPT 
'2HR-MCCHESY'  
'3HR-MCCHESY'/ 
 
WWPR 
'2HR-MCCHESY'  
'3HR-MCCHESY'/ 
 
WWCT 
'2HR-MCCHESY'  
'3HR-MCCHESY'/ 
 
WGOR 
'2HR-MCCHESY'  
'3HR-MCCHESY'/ 
 
 
SCHEDULE ================================================ 
 
RPTRST 
BASIC=2 / 
 
 
TUNING 
0.1 30.4 0.001 7* / 
11* / 
30 1 40 7* / 
 
 
--PRODUCTION 1 
WELSPECL 
'2HR-MCCHESY' 'G'   LGR1  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR2  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR3  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR4  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR5  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR6  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR7  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR8  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR9  1   2 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR28 1   1 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR29 1   1 1*  'OIL' 7* / 
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'2HR-MCCHESY' 'G'   LGR30 1   1 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR31 1   1 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR32 1   1 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR33 1   1 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR34 1   1 1*  'OIL' 7* / 
'2HR-MCCHESY' 'G'   LGR35 1   1 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR10 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR11 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR12 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR13 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR14 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR15 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR16 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR17 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR18 1   2 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR36 1   1 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR37 1   1 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR38 1   1 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR39 1   1 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR40 1   1 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR41 1   1 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR42 1   1 1*  'OIL' 7* / 
'3HR-MCCHESY' 'G'   LGR43 1   1 1*  'OIL' 7* / 
'Injection'   'G'   LGR19 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR20 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR21 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR22 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR23 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR24 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR25 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR26 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR27 1   2 1*  'OIL' 7* / 
'Injection'   'G'   LGR44 1   1 1*  'OIL' 7* / 
'Injection'   'G'   LGR45 1   1 1*  'OIL' 7* / 
'Injection'   'G'   LGR46 1   1 1*  'OIL' 7* / 
'Injection'   'G'   LGR47 1   1 1*  'OIL' 7* / 
'Injection'   'G'   LGR48 1   1 1*  'OIL' 7* / 
'Injection'   'G'   LGR49 1   1 1*  'OIL' 7* / 
'Injection'   'G'   LGR50 1   1 1*  'OIL' 7* / 
'Injection'   'G'   LGR51 1   1 1*  'OIL' 7* / 
'Injection'   'G'   LGR52 1   1 1*  'OIL' 7* / 
/ 
 
COMPDATL 
-- 1    2 3 4    5      6  7  8     9   
'2HR-MCCHESY'   LGR1 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
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'2HR-MCCHESY'   LGR1 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR1 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR1 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR1 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR1 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR2 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR2 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR2 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR2 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR2 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR2 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR3 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR3 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR3 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR3 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR3 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR3 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR4 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR4 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR4 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR4 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR4 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR4 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR5 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR5 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR5 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR5 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR5 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR5 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR6 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR6 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR6 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR6 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR6 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR6 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR7 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR7 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR7 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR7 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR7 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR7 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR8 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR8 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR8 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR8 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR8 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
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'2HR-MCCHESY'   LGR8 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR9 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR9 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR9 3   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR9 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR9 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR9 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR28 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR28 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR28 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR28 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR29 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR29 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR29 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR29 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR30 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR30 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR30 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR30 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR31 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR31 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR31 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR31 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR32 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR32 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR32 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR32 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR33 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR33 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR33 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR33 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR34 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR34 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR34 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR34 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR35 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'2HR-MCCHESY'   LGR35 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR35 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'2HR-MCCHESY'   LGR35 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
 
/ 
COMPDATL 
'3HR-MCCHESY'   LGR10 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR10 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR10 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR10 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
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'3HR-MCCHESY'   LGR10 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR10 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR11 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR11 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR11 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR11 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR11 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR11 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR12 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR12 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR12 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR12 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR12 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR12 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR13 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR13 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR13 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR13 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR13 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR13 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR14 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR14 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR14 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR14 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR14 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR14 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR15 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR15 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR15 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR15 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR15 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR15 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR16 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR16 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR16 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR16 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR16 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR16 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR17 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR17 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR17 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR17 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR17 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR17 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR18 1   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR18 2   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
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'3HR-MCCHESY'   LGR18 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR18 4   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR18 5   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR18 6   4    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR36 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR36 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR36 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR36 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR37 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR37 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR37 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR37 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR38 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR38 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR38 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR38 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR39 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR39 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR39 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR39 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR40 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR40 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR40 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR40 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR41 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR41 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR41 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR41 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR42 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR42 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR42 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR42 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR43 1   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'3HR-MCCHESY'   LGR43 2   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR43 3   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'3HR-MCCHESY'   LGR43 4   1    3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
/ 
 
COMPDATL 
'Injection'    LGR19 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR19 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR19 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR19 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR19 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR19 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR20 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
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'Injection'    LGR20 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR20 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR20 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR20 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR20 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR21 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR21 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR21 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR21 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR21 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR21 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR22 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR22 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR22 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR22 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR22 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR22 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR23 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR23 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR23 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR23 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR23 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR23 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR24 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR24 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR24 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR24 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR24 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR24 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR25 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR25 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR25 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR25 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR25 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR25 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR26 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR26 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR26 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR26 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR26 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR26 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR27 1   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR27 2   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR27 3   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR27 4   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR27 5   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
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'Injection'    LGR27 6   4   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR44 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR44 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR44 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR44 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR45 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR45 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR45 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR45 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR46 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR46 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR46 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR46 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR47 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR47 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR47 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR47 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR48 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR48 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR48 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR48 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR49 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR49 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR49 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR49 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR50 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR50 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR50 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR50 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR51 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR51 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR51 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR51 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR52 1   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
'Injection'    LGR52 2   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR52 3   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3*/ 
'Injection'    LGR52 4   1   3  3 'OPEN' 1* 1*  0.729  1*  0 3* / 
/ 
 
 
 
WCONPROD 
-- 1      2      3  4  [5  6  7   8]   9 
'2HR-MCCHESY'  OPEN BHP  5*   1000.00  / 
'3HR-MCCHESY'  OPEN BHP  5*   1000.00  / 
/ 
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WCONINJE 
'INJECTION' 'GAS' 'SHUT' 'RATE' 200 1* 4000 3* / 
 / 
   
WSOLVENT 
'INJECTION' 1 / 
 / 
 
DATES 
28 'FEB' 2005/ 
/ 
DATES 
30 'JUN' 2005/ 
/ 
DATES 
31 'AUG' 2005/ 
/ 
DATES 
30 'SEP' 2005/ 
/ 
DATES 
30 'NOV' 2005/ 
/ 
DATES 
31 'JAN' 2006/ 
/ 
DATES 
28 'FEB' 2006/ 
/ 
DATES 
31 'MAR' 2006/ 
/ 
DATES 
31 'MAY' 2006/ 
/ 
DATES 
30 'JUN' 2006/ 
/ 
DATES 
31 'OCT' 2006/ 
/ 
DATES 
31 'MAR' 2007/ 
/ 
DATES 
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31 'MAY' 2007/ 
/ 
DATES 
31 'JUL' 2007/ 
/ 
DATES 
31 'DEC' 2007/ 
/ 
DATES 
28 'FEB' 2009/ 
/ 
DATES 
28 'JAN' 2010/ 
/ 
 
WCONINJE 
'INJECTION' 'GAS' 'OPEN' 'RATE' 350 1* 5150 3* / 
 / 
   
WSOLVENT 
'INJECTION' 1 / 
 / 
 
DATES 
28 'FEB' 2011/ 
/ 
DATES 
28 'FEB' 2012/ 
/ 
DATES 
28 'FEB' 2013/ 
/ 
DATES 
28 'FEB' 2014/ 
/ 
DATES 
28 'JAN' 2015/ 
/ 
DATES 
28 'FEB' 2016/ 
/ 
DATES 
28 'FEB' 2017/ 
/ 
DATES 
28 'FEB' 2018/ 
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/ 
DATES 
28 'FEB' 2019/ 
/ 
DATES 
28 'FEB' 2021/ 
/ 
DATES 
28 'FEB' 2023/ 
/ 
DATES 
28 'FEB' 2025/ 
/ 
DATES 
28 'FEB' 2027/ 
/ 
DATES 
31 'JAN' 2028/ 
/ 
END     
================================================================ 
  
 
 
 
  

